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ABSTRACT
Knowledge o f  Personal Energy  
R equirem ents in  College  
S tu d en ts
by
A urora M aria Buffington
Dr. R ichard Tandy, E xam ination Com m ittee C hair 
Associate Professor of Kinesiology 
University of Nevada, Las Vegas
This study  explored w hether university  s tu d e n ts  enrolled in health  
science c lasses were able to estim ate  their energy requ irem ents w ithin a  
range of calories equal to predicted  E stim ated  Energy R equirem ents 
(EER) + two stan d ard  deviations. The In terna tional Physical Activity 
Q uestionnaire  (IPAQ) and  a  p a rtic ipan t survey were given to a  
convenience sam ple of 63 m ale an d  92 female un d erg rad u ate  s tu d en ts  
(19-23 years) w ith su b seq u en t m easu rem en ts of height, weight and  body 
fat percentage. R esults from the IPAQ yielded m etabolic equivalents 
w hich were converted to physical activity coefficients for u se  in the EER 
equation. S tu d en ts  significantly underestim ated  the ir EER by an  
average of 700 calories (p<.001), an d  they un d erestim ated  their basal 
energy expenditures (BEE) by an  average of 644 calories (p<.001).
Ill
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Female s tu d en ts  were be tter able to estim ate energy requ irem ents as 
com pared to their m ale coun te rparts , 41.3%  vs. 20.6% , )<?■ [\) = 7 .236, 
p=.007.
IV
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CHAPTER 1
INTRODUCTION 
It is appropria te  to in itiate a  d ietary  recom m endation w ith an  
a sse ssm en t of energy requ irem ents w hich are norm ally based  upon  an  
individual’s body m ass and  health  s ta tu s  (Lee & Nieman, 2003). In the 
healthy  adult, daily energy requ irem ents can  be estim ated  using  the 
E stim ated  Energy R equirem ents (EER) equation , w hich takes into 
accoun t the  individual’s age, gender, u su a l physical activity level, height 
and  weight (Food and  N utrition Board, In stitu te  of Medicine of the 
National Academy of Science, 2005). These de te rm inan ts should  no t 
vary greatly, w ith the exception of the physical activity level, and  they 
should  be easy to collect e ither th rough  self-report or physical 
m easurem ent. It is preferable to collect height an d  weight inform ation by 
perform ing ac tual m easu rem en ts a s  self-reported w eights tend  to be 
u n d e rs ta ted  (Adderley-Kelly, 2007) an d  self-reported heights tend  to be 
overstated (Rowland, 1990).
A Recom m ended Dietary Allowance (RDA) h a s  no t been se t for energy 
because even the sm allest caloric excess beyond EER would likely lead to 
a  gain in weight, th u s  the prediction equations were developed w ith the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
in ten tion  of m aintain ing  energy balance. The prediction equations for 
EER were derived u sing  d a ta  from doubly labeled w ater stud ies and  
observed basal energy expenditure (BEE) in 767 norm al weight, 
overweight, and  obese ad u lts  (FNB, lOMNAS, 2005). B ecause the 
equations are estim ates, it is im portan t to u se  them  as  sta rting  points to 
m ake energy recom m endations, w ith the u ltim ate  confirm ation of energy 
balance reflected in weight stability.
Once a  person is m ade aw are of the  am o u n t of energy required  to 
achieve balance, bo th  d ietary  changes and  m odifications to physical 
activity levels to m eet a  healthy  weight goal becom e more relative.
Dietary changes resu lting  in a  negative or positive energy balanee can  be 
m ade by altering the  am o u n t of energy consum ed in food an d  beverages, 
and  th is  is facilitated by tools su ch  as the n u trition  facts label and  the 
public posting of calories for m eals on re s ta u ra n t m enus. The 
usefu lness of these  tools however is lim ited by the  knowledge of the user. 
If an  individual looks a t the  kcal con ten t, yet does no t know h is /h e r  total 
daily energy needs, the  calories per serving becom e arb itrary . The 
usefu lness of th a t inform ation is lim ited a s  it applies to th a t  individual's 
energy needs, an d  its value is th en  d im inished to a  tool for com paring 
two like item s.
Likewise, once a  p e rso n ’s estim ated  energy requirem ent is 
established , a  p lan  to modify physical activity levels becom es ano ther 
tangible way to help m eet or m ain tain  healthy  weight goals. B ecause the
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EER equation  u se s  a  physical activity level (PAL) as a  m ajor de te rm inan t 
of energy needs, a  change in th is  level should  bring ab o u t a  
corresponding change in energy balance. There are  4 PAL groups used  
in the  EER equations (Table 1).
Table 1 Physical activity levels (PALs) u sed  in EER equations^
Group Physical activity level (PAL) Corresponding activity 
(Walking, miles p er  day)
Sedentary > 1 to < 1.4 0
Low active > 1.4 to < 1.6 2.2
Active > 1.6 to < 1.9 7.3
Very active > 1.9 to < 2.5 16.7
^Based on a  70-kg ad u lt walking betw een 2-4 m iles per hour. 
E stim ated  Energy R equirem ents (EER)
(Food and  N utrition Board, In stitu te  of Medicine of the  National 
Academy of Science, 2005)
For exam ple, a  43 year-old female who is seden tary  would have a  PAL 
betw een 1 and  1.4, rep resen ting  little to no activity beyond the  u su a l 
activities of daily living. If she began a  physical activity regime 
equivalent to walking 2.2 m iles per day, she would th en  move from the 
seden tary  category to the low active category an d  th u s  increase  her 
physical activity level to a  nu m b er betw een 1.4 and  1.6. A ssum ing her 
weight is 64 kilogram s and  her height is 1.65 m eters, her EER would 
increase  from 1854 calories to 2069 calories.
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The individual can  closely approxim ate a  goal of calories expended in 
physical activity w hen working w ith a  fitness professional who can 
design a  fitness program  intelligently, u sing  the FITT principles of 
frequency, in tensity , tim ing (duration) and  type of activity (Oberg, 2007). 
W ithout an  EER baseline, the energy cost of physical activity is merely a 
sta ted  calorie am oun t devoid of a  m eaningful re la tionsh ip  to the 
individual who is p u rsu in g  a  healthy  weight goal. An EER helps the 
individual u n d e rs tan d  how physical activity can  a lter energy needs.
The com ponents of d iet an d  physical activity m ake u p  the  energy 
balance concept of energy consum ption  versus expenditure. Energy 
balance is achieved w hen caloric in take is equivalent to energy 
expenditure, and  any im balance over tim e will re su lt in a  n e t weight gain 
or loss (FNB, lOMNAS, 2005). The energy equation  h as  been tipped to 
the positive side for m any adu lts , a s  is indicated by the  “growing” 
population; ad u lt overweight an d  obesity in the  U.S. h a s  risen  from 
47.4%  of the  population  in 1980 to 66% in the year 2004 (National 
C enter for Health S tatistics, 2007). Despite w hat ap p ea rs  to be easy 
access to nu trition  and  physical activity inform ation, m ore A m ericans 
have higher body m ass indexes (BMIs) indicating a  d e tach m en t of sorts 
betw een public hea lth  goals and  public practice.
In structions to healthcare  personnel regarding the u se  of the  EER 
equation  to help pa tien ts  control the ir weight are covered extensively in 
an  overview by Heymsfield, Harp, Rowell, Nguyen an d  Pietrobelli. The
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overview explains the  effects of each de te rm inan t in the  EER equation, 
including age, gender, physical activity level, height and  weight. It is a  
good a ttem p t to educate  healthcare  professionals on m aking energy 
determ inations w ith the a u th o rs ' acknow ledgem ent th a t knowledge 
regarding energy recom m endations is very lim ited am ong healthcare  
providers (2006).
W hen one tak es a close look a t the  EER equation  (Table 2), one can  
u n d e rs ta n d  why knowledge regarding energy requ irem en ts is limited.
Table 2 E stim ated  Energy R equirem ent (EER) equations_____________
Gender Normal-weight, overweight, and obese > 19  years
M ales 864 -  (9.72 x age[y]) + PA x (I4 2 xw eig h t[kg ]  + 503 x height[m])
F e m a le s  387 -  (7.3 Ix  age[y]) + P A x  (10.9 x weight[kg] + 660.7 x height[m])
(Food and  N utrition Board, In stitu te  of Medicine of the  National 
Academy of Science, 2005)
The equation  is very com plicated and  the u se r  needs to have an  adequate  
m athem atical proficiency level to u se  it correctly. Fortunately , the EER 
equation  can be loaded into an  Excel sp read sh ee t w hich can  then  
autom atically  perform  the calculations. A user-friendly  tem plate 
sp read sh ee t h a s  been created  to ad d ress  th is  lim itation of difficulty, and  
includes a factorial m ethod to accoun t for physical activity, m aking the 
EER equation  a b it easier to use . The a u th o rs  an ticipate  th a t facilitating
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the u se  of the EER equation  will encourage healthcare  providers to 
m otivate more ad u lt m en and  wom en tow ards energy balance (Gerrior, 
J u a n  & Basiotis, 2005).
Since the  tem plate  sp readshee t w as created to be easy to use, it takes 
the guessw ork ou t of determ ining  physical activity levels by incorporating 
a  listing of physical activities w hich au tom atically  calcu late  the  PAL. The 
approach  of calculating  energy cost by assigning m etabolic equivalents 
(METs) to a  p a rticu la r type of physical activity h a s  been aided by a  
com pendium  of MET inform ation for h u n d red s  of different types of 
physical activities, including those from occupational, househo ld  and  
leisure tim e dom ains. A lthough th is  inform ation does no t serve as an  
exact m ethod to evaluate energy expenditure, it is usefu l for estab lish ing  
physical activity classifications (Ainsworth et al., 2000). By listing the 
tim e spen t in each physical activity along w ith its associated  im pact on 
to tal PAL (PALI), one can  classify an  individual into one of the  4 
categories of PALs m entioned  previously (Table 1). This enab les a 
physical activity coefficient de term ination  to be m ade for u se  in the EER 
equation.
A listing of daily physical activities would take  a  lot of effort on behalf 
of the partic ipan ts  and  would m ake the  job of evaluating  d a ta  to assign  a 
PAL quite extensive (Valanou, B am ia & Trichopoulou, 2005), m aking th a t 
type of d a ta  collection ill-advised for a  sh o rt study  w ith lim ited resources. 
O ther in s tru m en ts  have been designed an d  validated for u se  to collect
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and  classify physical activity inform ation, including the  In ternational 
Physical Activity Q uestionnaire  (IPAQ) (Craig, e t al., 2003). This survey 
in s tru m en t is easy to adm in ister an d  collects physical activity 
inform ation from 4 dom ains: occupational, tran sp o rta tio n , household , 
and  leisure time. The survey resu lts  in a  categorical physical activity 
classification of low, m oderate, or high, b u t it also yields MET values 
w hich can  be u sed  as a con tinuous m easure  reported  in m edian  MET- 
m inu tes. It is suggested th a t the inform ation ob tained  regarding METs 
could th en  be u sed  to determ ine an  indiv idual’s PAL for u se  in the  EER 
equation , a  sim ilar approach  u sed  by the  a u th o rs  of the EER tem plate 
sp readshee t, only more objective an d  easier for the  researcher to collect 
and  score data.
Some nu trition  professionals believe th a t people have a  tendency to 
u n derestim ate  how m any calories they ea t and  overestim ate their caloric 
expenditure  from physical activity. O bservations m ade in the  academ ic 
environm ent suggest th a t m any s tu d e n ts  have a  sim ilar m isperception 
regarding energy balance. Coincidentally, weight gain in college s tu d e n ts  
ap p ea rs  to be an  inevitable rite of passage (Racette, D eusinger, S trube, 
H ighstein & D eusinger, 2005), (H ajhosseini e t al., 2006), (Levistky, 
H albm aier & Mrdjenovic, 2004). While some of the reaso n s for th a t 
w eight gain have been  a ttrib u ted  to evening snacking , how often m eals 
were ea ten  over the  w eekends, eating ju n k  foods an d  recen t dieting
7
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(Levistky, H albm aier & Mrdjenovic, 2004), the  bottom  line is th a t  weight 
gain is always a ttribu tab le  to a  sta te  of positive energy balance.
The a ssum ption  th a t college s tu d e n ts  in general h ad  little knowledge 
of their daily energy needs and  the  fu rth er supposition  th a t  estim ates of 
those needs would no t fall w ithin a  large range of calories w as m ade for 
th is  study. However, s tu d e n ts  enrolled in in troducto ry  n u trition  courses 
are tau g h t ab o u t energy balance and  are u sua lly  assigned  a personal 
d ietary  analysis as p a rt of the ir c lass grade, so theoretically  they should  
have an  aw areness of how m any calories they need daily to m ain tain  a  
sta te  of energy balance. It w as th o u g h t th a t  a  com parison  of EER 
estim ates m ade betw een those who have taken  a  n u trition  course in 
college and  those who have no t should  reveal differences, and  th u s  the 
study  w as designed.
Purpose of the  S tudy
The purpose of th is  study  is to determ ine if college s tu d e n ts  know 
their estim ated  energy requ irem ents in calories w ithin  a  range of + two 
stan d a rd  deviations.
R esearch Q uestions 
Q uestion #1
Is there  a  significant difference betw een college s tu d e n ts ’ self­
estim ated  and  predicted EERs?
8
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Q uestion #2
Is there  a  significant difference betw een college s tu d e n ts ' self­
estim ated  and  predicted BEEs?
Q uestion #3
Is there a  significant difference betw een e ither college s tu d e n ts ’ 
perceived and  ac tu a l height a n d /o r  college s tu d e n ts ’ perceived and 
ac tu a l weight?
Q uestion #4
Is there an  association  betw een having taken  a  college nu trition  c lass 
and  one’s ability to estim ate  EER?
Q uestion #5
Is there an  association  betw een gender and  one’s ability to estim ate 
EER?
Significance of the  S tudy
The ra te s  of overweight an d  obesity in the  U.S. have risen  over the 
years, and  curren tly  the ad u lt overweight and  obesity ra te  is 65% and  for 
children it is 17.5% (NCHS, 2007). Qbesity an d  overweight adversely 
affect health , an d  the  negative effects can  be felt th ro u g h o u t the  lifespan. 
Fifty percen t of the  children who are obese will grow u p  to be obese 
a d u lts  (Dietz, 1998). Merely a ttend ing  college is associated  w ith an  
increase in weight during  the  tran sition  from childhood to early 
adu lthood  (Racette et al., 2005), (Hajhosseini e t al., 2006), (Levistky,
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H albm aier & Mrdjenovic, 2004). S tud ies have show n th a t  ad u lt m ortality 
m ay be related to BMI in childhood (Dietz, 1998) th rough  early and  m id­
adulthood  independen t of the weight s ta tu s  as an  ad u lt (Jeffreys, 
M cCarron, G unnell, McEwen & Sm ith, 2003). Finally, it is well-known 
th a t weight s ta tu s  can  be a  risk  factor for m any chronic d iseases, w hich 
in tu rn  can  decrease quality an d  years of life. B ecause of its im pact on 
health , the sub ject of overweight an d  obesity is one of the  10 Leading 
H ealth Indicators for the H ealthy People 2010 se t of h ea lth  objectives for 
the nation  (U.S. D epartm ent of H ealth an d  H um an Services, 2000).
Although so m uch  of the population  is overweight, it is estim ated  th a t 
only ab o u t 31% is actively trying to lose weight. The m ost com m on 
approaches u sed  to lose weight include decreasing  calorie in take, 
consum ing less fat, and  increasing  physical activity (Kruger, G aluska, 
S erdu la  & Jo n es, 2004). These app roaches are  com m only prescribed  by 
clinicians, and  general weight loss recom m endations of reducing  dietary 
in take by 500 -  1000 calories per day an d  increasing  physical activity to 
m eet m inim um  ad u lt daily recom m endations are given to prom ote a  
weight loss of 1-2 p o unds per week (National H eart, Lung and  Blood 
Institiu te , 2000), however prom oting an  u n d e rs tan d in g  of the  concept of 
energy balance as it re la tes to the  individual is rarely  addressed .
One de te rm inan t of energy-balance rela ted  behavior is the  ability or 
perceived ability of the  individual to perform  a  p articu la r behavior 
(Kremers, V issher, Seidell, van M echelen & Brug, 2005). Since a
10
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com puter based  search  for s tud ies assessing  the  personal knowledge 
level of individuals regarding the com ponents of energy balance yielded 
no resu lts , it appeared  th a t  an  estab lishm en t of th is  knowledge would be 
beneficial for fu ture  research . If people are unaw are  of the ir personal 
energy requ irem ents, it is possible th a t th is will d im in ish  th e ir ability to 
m ain ta in  energy balance. This study  exam ined w hether college s tu d en ts  
could estim ate  the  am o u n t of calories needed to m ain ta in  th e ir cu rren t 
weight, th u s  providing an  indirect m ethod of exploring w hether they 
u n d e rs tan d  energy balance as it re la tes to them .
Definition of Term s 
The following definitions are given for the  purpose  of clarification:
1. D ietary Reference In takes (DRI’s) are a  se t of reference values 
compiled by the  Institu te  of Medicine for n u tr ie n ts  designed for 
healthy  people living in the  U.S. and  C anada. They include the 
Recom m ended Dietary Allowances (RDA’s), the  E stim ated  Average 
R equirem ents (EAR’s), the  Adequate In takes (Al’s), the  Tolerable 
U pper In take Levels (UL’s), an d  the Acceptable M acronutrien t 
D istribution  Ranges (AMDR’s). They are based  on h u n d red s  of 
h igh-quality, peer-reviewed stud ies u sing  anim al m odels, h u m an  
feeding stud ies, observational stud ies, and  random ized clinical 
tria ls, and  provide the basis for n u tr ie n t recom m endations for both 
individuals an d  populations. They also include estim ated  energy
11
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requ irem ents w hich are  usefu l to those in te rested  in energy 
balance.
2. Physical Activity Level (PAL) is the  ratio  of to tal energy expenditure 
(TEE) to basal energy expenditure  (BEE) an d  is u sed  to classify an  
individual’s u su a l level of daily activity according to the Dietary 
Reference In takes (DRl’s). There are four levels u sed  in th is study: 
seden tary  (PAL > 1.0 < 1.4), low active (PAL > 1.4 < 1.6), active 
(PAL > 1.6 < 1.9), and  very active (PAL > 1.9 < 2.5) (NAS, lOM, FNB, 
2005).
3. Physical Activity (PA) coefficient is the  num erica l value assigned to 
a  given Physical Activity Level (PAL) for u se  in the  estim ated  energy 
requ irem ent (EER) prediction equation. It will differ betw een 
genders.
4. Body M ass Index (BMl) is an  index of hea lth  u sing  weight in 
kilogram s divided by height in m eters squared . A BMl of <18.5 
denotes underw eight, 18.5 -  24.9 denotes a  healthy  range, 25 -  
29.9 ind icates overweight, an d  a  BMl >30 classifies an  individual 
a s  obese.
5. B asal Metabolic Rate (BMR) is defined a s  the  ra te  of energy 
expenditure m easu red  in a  sup ine  position upon  w aking after a  
12-14 ho u r fast. The m etabolic ra te  increases once an  individual 
h a s  been aw ake and  perform s regu lar activities of daily living, 
therefore BMR is variable upon  waking.
12
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6. B asal Energy E xpenditure (BEE) is the  24 -hour extrapolation  of 
B asal Metabolic Rate (BMR) and  does not include energy 
expenditure due to the  Therm ic Effect of Food (TEF) or Excess 
Post-exercise Oxygen C onsum ption  (EPOC).
7. Therm ic Effect of Food (TEF) is the energy expended to digest, 
abso rb  and  m etabolize food an d  its associated  n u trien ts .
8. Excess Post-exercise Oxygen C onsum ption  (EPOC) is an  increased  
rate  of oxygen consum ption  following a  bou t of physical activity.
9. Metabolic E quivalent (MET) is energy expenditure  relative to a  VO2 
of 3.5 m l/k g  body w eight/m in .
13
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CHAPTER 2
REVIEW OF RELATED LITERATURE 
Prevalence of Overweight an d  Obesity in 
A dults an d  A ssociated H ealth 
C onsequences
The prevalence of ad u lt overweight and  obesity in the U.S. is cu rren tly  
66.4%  (NCHS, 2006). It is widely recognized th a t  overweight and  obesity 
is related  to an  increased  m orbidity from chronic d iseases an d  an 
increase  in m ortality in general (NHLBI, 2000), and  the C enter for 
D isease Control estim ates th a t 112,000 d ea th s  are  related  to obesity 
every year in the U.S. (Center for D isease Control an d  Prevention, 2005). 
A leading Healthy People 2010 hea lth  objective is to raise  the  ra te  of 
ad u lt A m ericans age 20 and  over a t  a  healthy  weight from the la test 
estim ate of 32% in 2004 to 60% by the  year 2010. Conversely, ano ther 
health  objective is to reduce the  percentage of obese ad u lts  from 31% to 
15% (CDC, 2007).
W eight s ta tu s  in early adu lthood  is related  to an  increased  m ortality 
in la ter life, as re su lts  suggest from a  study  th a t tracked  629 male 
U niversity of Glasgow alum ni. A m ean  weight gain of 8.6 kg w as noted
14
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betw een the m edian age of 22 yrs. and  38 yrs, w ith a corresponding 
m ean increase in BMI from 21.4 to 24.2. Only 45 p a rtic ip an ts  were 
overweight in college, b u t th a t num ber increased  to 245; however these  
gains in BMl were no t well associated  w ith m ortality. A strong 
re la tionsh ip  w as observed betw een BMl in college and  all cause  m ortality 
dem onstra ting  th a t BMl in early adulthood  h as  m ore im pact on m ortality 
th a n  does BMl in midlife (Jeffreys et al., 2003).
Even the m ost active college s tu d e n ts  are  sub ject to weight gain after 
graduation . W eight gain fours years after college g raduation  averaged 
6.73 kg (p<0.05) in 26 m ales who were very active as s tu d e n ts  b u t la ter 
becam e sedentary . M ean BMl increased  from 23.18 to 25.40, and  a 
nearly  50% increase w as found in the  sum  of 5 skinfolds w ith a  35% 
increase  in body fat. In addition, some m easu res of physiological work 
capacity  decreased  significantly. A lthough the p a rtic ip an ts  recognized 
the ir need to stay  active, the reasons for the ir seden tary  behavior were 
m ostly due to lack of time, m aking a  living, prom oting their careers, and  
ad justing  to life w ith a  significant o ther a n d /o r  family (Zsolt e t al., 2007).
Weight, Perception and  Knowledge 
in College S tu d en ts  
W eight Gain
Anecdotally, college s tu d e n ts  are  know n to p u t on the “freshm en 15,” 
the  popu lar term  u sed  to describe the  typical w eight gain a  college
15
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s tu d e n t gains during  h is /h e r  first year in college. However stud ies 
exam ining th is phenom enon have arrived a t different resu lts . In a  follow 
u p  study  of 290 s tu d e n ts  a t W ashington University, 59% had  
significantly increased  their BMI from 22.6 to 23.2 (p<0.001) betw een the 
beginning of their freshm an year an d  the end of the ir sophom ore year. 
They averaged a weight gain of 1.8 kg (p<0.001), a lthough  the m ean 
weight gain for those who gained w as 4.1 kg (p<0.001), close to 9 pounds 
each (Racette et al., 2005).
W eight gain in college s tu d e n ts  is sub tle, b u t significant, a s  
dem onstra ted  by a  study  on 27 newly adm itted  freshm en a t S an  Jose  
S tate University. A lthough no t statistically  significant, they averaged a 
positive energy balance of 55 calories over a  period of 16 weeks. This 
sm all am o u n t of additional calories likely con tribu ted  to the  significant 
m ean  weight gain of 3.0 lbs (p<0.001) experienced by the group 
(H ajhosseini et al., 2006).
Regular, daily weighing w ith weekly feedback helped female college 
freshm en m ain tain  energy balance com pared to fem ales in a  control 
group th a t received no trea tm en t. The control group gained an  average 
of 3.1 kg (p<0.01) while the trea tm en t group gained an  insignificant 0.1 
kg (Levitsky, Garay, N ausbaum , Neighbors, & DellaValle, 2006).
Self-Perceived W eight S ta tu s  
In a study  a t a  predom inantly  b lack university , 50.4%  of the 123 m ale 
s tu d e n ts  who participated  were classified as overweight or obese. O ut of
16
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those who were overweight or obese, 59.7%  incorrectly  sta ted  their 
weight as “norm al” as com pared to guidelines from the National 
In s titu te s  of Health. They also chose healthy  w eights th a t  were higher 
th a n  those chosen  by their norm al weight co u n te rp arts  (p<.0 0 1 ) and  
were m ore likely to disagree th a t weight loss w ould be beneficial to 
health . In th is  p a rticu la r group, over half of those th a t were overweight 
did no t perceive they were a t u n h ea lth y  w eights (Gross, S co tt-Johnson , & 
Browne, 2005).
Self-reported weight m ay no t be a s  accu ra te  a s  self-reported height. 
The researchers of a  s tudy  on 151 health  sciences s tu d e n ts  took both  
self-reported and  objectively m easu red  height an d  weight m easu rem en ts. 
A m ean  height of 65 inches w as the  sam e for both  self-reported and  
subjective m easu rem en ts , however self-reported weight w as 155 pounds 
a s  com pared to the  m easu red  m ean weight of 165 pounds (Adderley- 
KieUy, 2007^
A study  using  female college s tu d e n ts  reported  they h ad  correct 
perceptions of the ir weight s ta tu s , particu larly  the  overweight s tu d en ts , 
however the  study  u sed  self-reported m easu res of weight w hich the 
a u th o rs  pointed o u t tend  to be underreported . A nother in teresting  
finding w as the negative association  betw een exercise and  re s tra in t 
dieting (limiting caloric intake), even in those trying to lose weight. This 
finding suggests th a t  these  fem ales u sed  dieting p ractices as their m ain  
m ethod to lose weight, ignoring either by choice or th rough  ignorance the
17
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im portance of physical activity in the  energy balance equation  
(Sham aley-K ornatz, Sm ith, & Tom aka, 2007).
N utrition Knowledge Level
A S pan ish  university  study  com pared the  n u trition  knowledge and  
associated  behaviors of 4 groups of university  s tu d e n ts  from different 
colleges, including nu trition  stu d en ts . A lthough n u trition  s tu d e n ts  had  
the h ighest level of nu trition  knowledge, their d ietary  behaviors were not 
significantly different th a n  those from the o ther colleges who had  lower 
levels of nu trition  knowledge. There w as no difference in self-reported 
energy consum ption; however a  gender difference did exist in self- 
reported height an d  weight. Fem ales tended  to overestim ate height and  
underestim ate  weight while m ales reported  m ore realistic m easurem ents. 
The researchers concluded th a t n u trition  knowledge did no t have an  
effect on food or h ea lth  behaviors (Montero Bravo, U beda M artin, & 
G arcia Gonzalez, 2006).
A 2 -year random ized controlled trial exam ined the  effects of an  
in tervention giving healthy  lifestyle sem inars to healthy, non-obese 
freshm en stu d en ts . At the  end  of the  study, the  control group which 
received no intervention h ad  gained weight, while the  trea tm en t group 
had  slightly lost weight overall, resu lting  in a  m ean difference of 1.3 kg 
betw een the  two groups. A lthough sm all in th is  study, the  changes in 
weight over a longer period of tim e can  become large leading to potential
18
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adverse health  im plications (Hivert, Langlois, B erard, G uerrier, & 
C arpentier, 2007).
Two groups of female freshm en were com pared to a sse ss  weight 
s ta tu s  a t the  end  of a  16-m onth period. The trea tm en t group com pleted 
a  one sem ester n u trition  science college course w ith em phasis  on 
physiology and  m etabolism  w hereas the  control group did not. Among 
the s tu d e n ts  in both  groups w ith BMI’s above 24, those in the trea tm en t 
group m ain tained  the ir weight while those in the  control group gained an  
average of 9.2 kg (p<0.012) (Matvienko, Lewis, & Schafer, 2001).
BMI m ay be related  to d ietary  h ab its  and  specific nu tritional 
knowledge. A study  exam ined the  food h ab its  and  n u tritiona l knowledge 
of S pan ish  21-30 year old college s tu d e n ts  w ith norm al an d  high BMTs. 
A lthough both groups of s tu d e n ts  lacked knowledge and  did no t have 
balanced  diets, fem ales w ith healthy  BMTs tended  to consum e more 
dairy p roducts th a n  the fem ales w ith high BMTs (Mena et al., 2002).
M ethods to A ssess Both Sides 
of the  Energy E quation 
E stim ating  Energv R equirem ents 
and  Caloric In take 
Diet records are  often underreported  m aking it difficult to a sse ss  the 
in take portion of the  energy balance equation , th u s  the  BMI becom es 
usefu l w hen determ ining  the adequacy of energy in take  (NAS, lOM, FNB,
19
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2005). Com pounding the issue, BMI and  an  indiv idual’s desire to lose 
weight have been show n to im pact the  self-reported com ponents of 
energy balance. A study  on young S pan ish  wom en show ed th a t women 
with the h ighest BMl’s tended to report an  in take 15.7% less th a n  their 
estim ated  expenditure  needs while wom en w ith the  lowest BMI’s reported 
in takes 9.3% greater th an  the ir estim ated  expenditure  needs (Ortega et 
a h ,1996^
The norm al weight prediction equations for EER were derived from 
doubly labeled w ater stud ies an d  observed BEE in 407 adu lts . The TEE 
equations including overweight an d  obese ad u lts  also u sed  d a ta  from an  
additional 360 a d u lts  who were overweight an d  obese. The d a ta  in the 
equations is assum ed  to be represen tative  of the  m etabolism  of healthy  
individuals, excluding those th a t engage in physical activity full time. 
Analysis of the equations w as accom plished u sing  SPSS, version 10.0, 
and  the best predictions resu lted  w hen the d a ta  w as fitted separately  by 
specific age groups and  gender (NAS, lOM, FNB, 2005).
M easurem ent of Phvsical Activitv 
an d  Energv E xpenditure 
The m ost accu ra te  m ethods of m easu ring  energy expenditure  include 
doubly labeled w ater, direct calorim etry, and  ind irect calorim etry 
m ethods, however these  m ethods are no t su itab le  to study  large groups. 
There are  several m ethods th a t m ay be u sed  to study  large groups 
including self-reporting in s tru m en ts , d irect observation, an d  m otion
20
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sensors, each w ith their corresponding  advantages and  lim itations. Of 
these, the  self-reporting in s tru m en ts  (physical activity records and  
questionnaires) are  easiest to adm in ister and  lowest in cost. They have 
the advantage of not influencing behavior, b u t possess the  lim itations 
th a t accom pany self-reporting and  recall (Valanou et al., 2006).
The S tanford 7-day physical activity recall tended  to overestim ate the 
energy expenditure  of 24 m ale sub jec ts by a  m ean am o u n t of 30.6%  
w hen com pared to the  doubly labeled w ater m ethod. There w as also a 
high level of individual variability and  the  d a ta  indicated  th a t  the error 
w as due to a  m isperception of exertion levels on behalf of the subjects. 
The a u th o rs  suggested th a t the  recall’s u sefu lness w as geared tow ard 
large epidemiological stud ies, no t to estim ate individual energy 
expend itu res or for sm all groups (Conway, Seale, Ja co b s  J r . ,  Irwin, & 
Ainsw orth, 2002).
The In terna tional Physical Activity Q uestionnaire  (IPAQ) h a s  been 
show n to be both  a  reliable an d  valid tool to determ ine physical activity 
in people ages 15-69 years (Craig et al., 2003). There are two versions of 
the  questionnaire , a  sh o rt and  a  long form, an d  versions of both  are also 
available in  self-adm inistered versions. A p e rso n ’s physical activity 
reported in MET’s can  be ob tained  w ith the d a ta  from the IPAQ. The long 
version IPAQ w as recently  stud ied  for validity aga in st d a ta  from both 
accelerom eters an d  physical activity logs and  show n to possess high 
co n cu rren t validity. Total energy expenditure  expressed  a s  MET-h week^
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was significantly correlated betw een the  IPAQ and  the  log book (p = .067, 
P <0.0001), w ith the  difference being -2.9 + 44 MET-h week (ns). Total 
physical activity w as significantly correlated betw een the  IPAQ and  the 
accelerom eter (p = .055, P  <0.0001). The resu lts  indicate  th a t the  long 
version IPAQ is a  su itab le  tool to collect physical activity d a ta  derived 
from several dom ains w here physical activity can  occur (Hagstrdm er, 
Oja, Ô6 Sjdstrdm , 2006).
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CHAPTER 3
METHODS 
Collection of the D ata 
A convenience sam ple w as tak en  from u n d erg rad u a te  s tu d e n ts  
enrolled in health  science c lasses a t the U niversity of Nevada, Las Vegas 
(UNLV). According to the National C enter for E ducation  S ta tistics 
(NCES), over 50% of trad itional college s tu d e n ts  are u n d e r the  age of 23 
years old (2000), so d a ta  from s tu d e n ts  over the  age of 23 w as excluded 
from the study. B ecause the estim ated  energy requ irem ent equations are 
designed for people 19 years of age and  over, d a ta  from s tu d e n ts  below 
the age of 19 w as also excluded. H um an sub ject righ ts were protected 
and  research  approval w as gran ted  by the  UNLV Institu tional Review 
Board before proceeding w ith the  study.
A m edical balance beam  scale equipped w ith a m easu ring  rod (Detecto 
Model, C ardinal Scale M anufacturing  Co., Webb City, MO 54870) was 
u sed  to m easure  individual p a rtic ip an t’s heights and  weights. This scale 
w as moved a round  cam pus on a  wheeled ca rt and  w as zeroed and  
checked for calibration (Acevedo & S tarks, 2003) prior to the  collection of 
heigh ts and  w eights from each  group of s tu d en ts . Body
23
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fat percen tages were a ssessed  using  an  HBF-306 O m ron body fat 
analyzer (Omron H ealthcare, Inc., 300 Lakeview Parkway, Vernon Hills,
IL 60061). The Om ron handheld  bioim pedance body fat analyzer was 
com pared to hydrostatic  weighing for predictive accuracy  and  found to be 
65% accura te  for wom en and  72% accu ra te  for m en + 3.5%  body fat, 
m aking it a  su itab le  tool to m easu re  body fat in people w ith sim ilar 
charac teristics (Gibson, Heyward, & M ermier, 2000).
D ata collection w as accom plished in two separa te  m eetings. During 
the  initial m eeting, s tu d e n ts  were inform ed of the study  prior to the end 
of their c lass m eeting, and  after their c lass in s tru c to r h ad  ad journed  and  
left the  classroom . S tu d en ts  were given the opportun ity  to decline 
partic ipation  and  leave a t th a t time or elect to partic ipate  and  stay for the 
rem aining  portion of their scheduled  c lass m eeting time. Those choosing 
to participate  were given inform ed consen t form s to sign, along w ith two 
uniquely  coded surveys, a  P artic ipan t Survey an d  the  self-adm inistered 
long version of the  IPAQ. In struc tions on survey com pletion were given 
to the c lass as a  whole and  read  from a  script, and  p a rtic ip an ts  were 
asked  to write down and  m em orize the  code assigned  to the ir surveys. 
The code was given to afford partic ipan t confidentiality an d  to provide a 
way to m atch  an thropom etric  m easu rem en ts  to survey responses during  
analysis of the data.
D uring the second encoun ter, p a rtic ip an ts  were h anded  a  brightly 
colored index card  a t the  beginning of their c lass m eeting w hich they
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placed on their desk  for ease of identification. The card  in s tru c ted  each 
partic ipan t to quietly exit the  classroom  w hen tapped  so h e /s h e  could be 
m easured . As the  c lass w as conducted , any s tu d e n t w ith a  card  w as 
tak en  o u t individually to be m easu red  in a  quiet a rea  outside the 
classroom  set u p  w ith a calib rated  balance beam  scale. P artic ipan ts 
were asked  to em pty their pockets an d  remove footwear and  outerw ear. 
Height m easu rem en ts  were taken  w ith the  balance beam  scale 
m easu ring  rod to the n eares t ha lf inch  as p artic ip an ts  stood w ith heels 
together, legs stra igh t, and  arm s a t the ir sides w ith their head  aligned in 
the F rankfort plane. Two w eights were taken  to the  n ea res t pound  and  
body fat percentage w as analyzed. All m easu rem en ts were tran scribed  to 
a  coded index card. A standard ized  coded form explaining the 
partic ipan t's  energy balance an d  resu lts  w as created  for every partic ipan t 
and  handed  ou t after d a ta  en tiy  w as accom plished to provide an  
educational opportun ity  regarding energy balance.
T reatm ent of the  D ata 
D ata en try  w as accom plished using  an  Excel sp read sh ee t w hich was 
form atted to au tom atically  calcu late  the  following: BMI, BEE, MET’s, 
PAL, physical activity coefficient, EER, correct EER estim ate.
Body M ass Index (BMI)
Height w as en tered  in inches and  converted to m eters (m) by 
m ultiplying by 2.54 and  th en  dividing by 100. W eight w as en tered  in
25
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whole pounds and  converted to kilogram s (kg) by dividing by 2.2. The 
BMI w as th en  calculated  as follows:
BMI =
B asal Energv E xpenditure (BEE)
Age w as en tered  in years, an d  m etric height an d  weight w as 
calcu lated  previously. The BEE in kilocalories per day (kcal/d) w as 
calcu lated  as follows:
Normal-weight, overweight, and  obese men:
BEE = 293 -  (3.8 X + 456.4 x +10.12 x
Normal-weight, overweight, and  obese women:
BEE = 2A1 -{2.61 xage{y~\ + A0\.5y.height{m) + %.6Qy.weight{kg)
M etabolic E quivalents (METs)
D ata from the IPAQ w as cleaned an d  tru n ca ted  in accordance w ith 
the Guidelines fo r  Data Processing and A na lysis o f  the International 
Physical Activity Questionnaire (IPAQ). Survey responses relating  to tim e 
spen t in any  physical activity were converted to m inu tes, and  any values 
less th a n  10 m inu tes were recoded to zero. Three m ain  categories of 
METs were u sed  for th is study: walking (3.3 METs), m oderate  in tensity  
(3-5 METs) and  vigorous in tensity  ( 8  METs). The m oderate in tensity  
category included different activities as sub-categories w hich were as 
follows: cycling (5 METs), vigorous yard  chores (5.5 METs), m oderate 
yard  chores (4 METs) and  m oderate inside chores (3 METs). No values
26
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beyond 3 h o u rs  in any m ain MET category were perm itted , th u s  only a  
m axim um  of 21 h o u rs  per week sp en t in each m ain  MET category w as 
reflected a lthough  partic ipan ts m ay have reported  spending  m ore tim e in 
a  pa rticu la r category. The average tim e in m inu tes sp en t per day in each 
MET category w as determ ined  for u se  in the PAL equation.
Phvsical Activitv Level (PAL)
The im pact of physical activity from each MET category on energy 
expenditure  (APAL) w as calculated  as follows:
= (# METs -  l)x{ (l. 15 / 0.9)xDuration{mm)] / 1440
BEE /[0 .0175x1440xwe/g/2t(^^)]
The n u m era to r reflects the  num ber of n e t METs m ultiplied by a  
correction factor derived by dividing a  factor of 1.15 for EPOC by a  factor 
of 0.9 to accoun t for the TEF. This is m ultiplied by the  tim e spen t in th a t 
activity and  the resu lting  num ber is divided by 1440 w hich is the 
n u m b er of m inu tes in one 24 -hour period. The denom inato r reflects a  
correction factor th a t resu lts  from the division of BEE by the  am oun t of 
calories b u rned  by an  individual a t re s t (1 MET) in a  24 h o u r period as 
determ ined by weight.
There w as a  to tal of 6  different MET values u sed  in th is  study, th u s  
the im pact for each  (APALi) w as sum m ed together w ith a  factor of 1.1 
w hich accoun ts for the  im pact of b asa l activity. This re su lts  in the PAL; 
the equation  is as  follows:
PAL =1 . 1  + sum  of APALi
27
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Phvsical Activitv Coefficient (PA)
The physical activity coefficient (PA) is based  upon  the PAL and  is 
different for m en an d  women. Following is a  list of PA coefficients:
Men
PA = 1.00 if PAL is estim ated  to be >1.0 <1.4 (sedentary)
PA = 1.12 if PAL is estim ated  to be >1.4 <1.5 (low active)
PA = 1.27 if PAL is estim ated  to be >1.5 <1.9 (active)
PA = 1.54 if PAL is estim ated  to be >1.9 <2.5 (veiy active)
W omen
PA = 1.00 if PAL is estim ated  to be >1.0 <1.4 (sedentary)
PA = 1.14 if PAL is estim ated  to be >1.4 <1.5 (low active)
PA = 1.27 if PAL is estim ated  to be >1.5 <1.9 (active)
PA = 1.45 if PAL is estim ated  to be >1.9 <2.5 (very active)
E stim ated  Energv R equirem ent (EER)
The EER is based  upon  an  individual's gender, age, PA coefficient, 
weight, and  height. The equations follow:
Normal-weight, overweight, an d  obese m en ages 19 years an d  older: 
EER = 864 -  (9.72 x age{y]) + PAx (14.2 x weight[kg] + 503 x height[m\)
Normal-weight, overweight, an d  obese wom en ages 19 years an d  older: 
E E R  = 387 -  (7.31 X age{y>Y) + PA x (10.9 x  weight[kg'\ + 660.7 x height[mY)
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Correct E stim ated  Energy R equirem ent 
(EER) E stim ate
A p a rtic ip an t’s estim ate  of h is /h e r  energy requ irem ent w as counted  
a s  correct if the estim ate  fell w ithin a  range equal to the  calculated  
estim ated  energy requ irem ent ± 2  s.d. (Table 3).
Table 3 E stim ated  s tan d a rd  deviation of EER in k c a l/d
BMI Males Females
>18.5 <25 199 162
>25 208 160
^Estim ated Energy R equirem ents (EER) in kilocalories per day for ■ 
individuals >19 years
(adapted from Food an d  N utrition Board, In stitu te  of Medicine of the 
National Academy of Science, 2005)
The form ula w as en tered  into Excel to give the  following range: 
Correct EER = C alculated EER - 2(sd) : C alculated EER + 2(sd)
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CHAPTER 4
FINDINGS OF THE STUDY 
Analysis of the  D ata 
In order to provide inform ation on the charac teristics of the  sam ple, 
sim ple descriptive sta tis tics  were conducted. A ch i-square  te s t was 
conducted  on the prim ary resea rch  question  to determ ine if a  significant 
num ber of s tu d e n ts  incorrectly estim ated  their energy expenditure 
requirem ents. Once significance w as estab lished , paired  sam ple t-tests 
were u sed  to exam ine the m ean difference betw een self-estim ated and  
predicted total daily energy requ irem ents, and  differences betw een self­
estim ated  and  predicted basa l energy expend itu res were also analyzed. 
Paired sam ple t-tests were also u sed  to determ ine if differences existed 
betw een perceived an d  ac tu a l heigh ts an d  weights. A ssociations betw een 
prior nu trition  in struction  and  the  ability to estim ate  total daily energy 
requ irem ents were explored, as  w as gender w ith the  ability to estim ate, 
using  ch i-square  tests . A significance level of .05 w as u sed  for all tests. 
S ta tistical analysis w as accom plished using  SPSS (SPSS Inc., 233 S.
W acker Drive, Chicago, IL 60606-6307), version 15.0.
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R esults 
Sam ple C haracteristics 
Participation in the  study  w as lim ited to s tu d e n ts  betw een the  ages of 
19 an d  23 years, and  the m ean age w as 20.3 + 1 . 3  years. The gender 
d istribu tion  w as 92 fem ales and  63 m ales, and  of the  to tal sam ple of 155 
partic ipan ts  only 38 (24.5%) reported  having received no prior formal 
nu trition  instruction . The rem aining  117 s tu d e n ts  h ad  e ither com pleted 
an  in troductory  nu trition  course in college, or were w ithin the  las t 2  
w eeks of com pleting an  in troductory  nu trition  class. M ean BMI w as 24.3 
+ 4.6, w ith classification breakdow ns as follows: 5.8% u n h ea lth y  low 
(<18.5), 60% healthy (18.5-24.9), 24.5% overweight (25-29.9), and 9.7% 
obese (>30). The m ean PAL w as 1.8 + .5, reflecting an  active lifestyle, 
and  the PAL classification breakdow ns were as follows: 30% sedentary , 
12.3% low active, 23.9%  active, an d  33.5%  very active.
Table 4 C haracteristics of the partic ipan ts
Total 
(N= 155)
Female 
(n = 92)
Male 
(n = 63)
Height (inches) 66.4  + 3.8 64.2 + 2.4 69.7  + 3
W eight (pounds) 153.5 + 39 134 + 23.3 181.9 + 39.9
Body M ass Index (BMI) 24.3 + 4.6 23 + 3.9 26.3 + 5
Body Fat Percentage 20.7  ± 7 .2 23.5  + 6 16.5 + 6.9
Physical Activity Level (PAL) 1.8 + .5 1.7 + .5 1.9 + .5
V alues are m eans + s tan d ard  deviation
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Differences betw een Self-Estim ated
an d  Predicted V alues
In order for a  p a rtic ip an t’s estim ate  of EER to be counted  a s  correct, 
the  estim ate  needed to fall w ithin  a  range equal to the  calcu lated  EER + 
2 s tan d ard  deviations. There were 51 correct e stim ates an d  104 
considered to be incorrect. The initial ch i-square  analysis determ ined 
th a t there  w as a  significantly lower am o u n t of s tu d e n ts  th a n  expected 
th a t  were able to estim ate energy requ irem ents correctly, A^(l) = 18.123, 
p<.001. A paired t- te s t show ed th a t college s tu d e n ts  significantly 
underestim ated  their total daily energy requ irem ents by a  m ean  of 700 
calories, t(147) = 10.54, p< .001. They also significantly underestim ated  
the ir basa l energy expenditure by a  m ean of 645 calories, t(144) = 10.15,
p< .0 0 1 .
Differences betw een Perceived and  Actual 
H eights an d  W eights 
College s tu d e n ts  overestim ated their height by an  average of 0.4 
inches, t(154) = 6 .6 8 , p< .001, and  they underestim ated  the ir weight by 
a n  average of 2.1 pounds, t(153) = 5.39, p<.001.
A ssociations Related to Ability to E stim ate 
Total Dailv Energv R equirem ents 
The ability of each partic ipan t to estim ate to tal daily energy 
requ irem ents w as determ ined by verifying th a t  the  estim ate  fell w ithin a 
range of calories equal to the  calculated  estim ated  energy requ irem ent +
32
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2 s tan d a rd  deviations. Fem ales were be tter able to estim ate the ir total 
daily energy requ irem ents th a n  m ales, 41.3%  vs. 20.6% , 2s? (1 ) = 7.236, 
p=.007.
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CHAPTER 5
SUMMARY, CONCLUSIONS,
AND RECOMMENDATIONS 
D iscussion of R esults 
The research  hypothesis for th is  study  w as th a t college s tu d en ts  
would no t know their EER w ithin a  range of calories equivalent to two 
stan d ard  deviations. The hypothesis w as confirm ed in th a t 67% of the 
s tu d en ts  surveyed were unab le  to estim ate  the ir energy needs correctly, 
despite being given a  target range of calories equal to two stan d ard  
deviations above an d  below their calculated  EER. Self-estim ated EER 
were generally underestim ated  by an  average of 700 calories, an d  the 
m ean of the  self-estim ated EER w as 2085 + 808 calories. This am oun t of 
calories approaches the  2 0 0 0  calorie reference for percen t daily value 
recom m endations w hich is posted  on food labels, and  th is  num ber w as 
the  mode, so it m ay have been a  num ber th a t  easily cam e to m ind.
There is a  possibility th a t the physical activity level u sed  in the  EER 
equation  did no t accurately  reflect u su a l physical activity levels, resu lting  
in either higher or lower calcu lated  EERs. However it is unlikely th a t the 
difference would have resu lted  in m ore correct estim ates as the  EER w as
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u n derestim ated  by an  average of 700 calories, a  n u m b er m uch  greater 
th a n  a difference one or two varia tions in a physical activity level would 
m ake.
To te s t w hether s tu d e n ts  understood  the  concept of BEE they  were 
asked, “If you did absolutely  no th ing  except lie quietly in bed all day, how 
m any calories do you estim ate your body would u se?  S tu d en ts  
u n derestim ated  BEE significantly by an  average of 544 calories, w ith the 
average BEE estim ated  a t 929 + 750 calories as com pared  to the 
calcu lated  BEE of 1574 + 282 calories. Self-estim ated BEEs ranged from 
0 to 3500 calories, indicating th a t m any s tu d e n ts  h ad  no idea w hat 
am o u n t of energy their body consum es a t rest. The BEE w as calculated  
u sin g  objective m easu rem en ts of gender, age, height and  weight th u s  
elim inating error caused  by subjective reasons.
On average, s tu d e n ts  estim ated  th a t BEE accoun ted  for 47% of their 
EER, however assum ing  th a t BEE is com parable to resting  energy 
expenditure, th en  it u sua lly  accoun ts for 60 -  75% of an  average 
individual's total energy expenditure. The therm ic effect of food accoun ts 
for ab o u t 1 0 %, and  the  m ost variable com ponent of to tal energy 
expenditure  of physical activity can  vary betw een 15 -  30% in the 
average person (M ahan 85 E sco tt-S tum p, 2003). In general, s tu d e n ts  
greatly m inim ized the con tribu tion  of BEE to the ir to tal energy 
expenditure, leaving the  possibility th a t they m ay a ttr ib u te  a  greater
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am o u n t of energy expended due to of physical activity th a n  is actually  
true.
College s tu d e n ts  tended  to sta te  th a t they were taller th a n  they 
actually  were. Height on average w as overestim ated by less th a n  a  half 
inch, a lthough  some heights were in error by as m uch  as 2 inches. The 
m ean overestim ate of .43 inches w as no t clinically significant, and  
m easu red  heights could have been inaccu ra te  despite the efforts to 
properly m easure  partic ipan ts. The m easu ring  rod a ttach m en t on the 
m edical balance beam  scale is no t recom m ended for u se  in height 
m easu rem en ts an d  th u s  a  portable stad iom eter would have elim inated 
th a t possible error.
This sam ple of s tu d e n ts  underreported  their weight by an  average of 
2 . 1  pounds, b u t th is  am o u n t could have been accoun ted  for by the light 
clothing they wore, for w hich no allowance or su b trac tio n  to weight was 
m ade. However, som e s tu d e n ts  u n derestim ated  the ir weight by as m uch  
a s  2 1  pounds w hich goes beyond the  norm al fluctuation  of daily weight 
due to w ater con ten t variation or clothing (Levitsky, 2005). The 
underreporting  of weight is co n sis ten t w ith existing lite ra tu re  (Adderley- 
Kelly, 2007), (Montero Bravo et al., 2006), (Rowland, 1990), and  th is 
in troduced  the possibility th a t underrepo rted  weight and  overstated 
height would com pound an  error w hen calculating  the  BMI. However the 
statistically  significant m ean of 2 . 1  pounds w as no t clinically significant 
for the  purpose of th is  study , and  a  com parison  of the  m eans betw een
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the BMIs resu lting  from m easu red  and  self-reported heigh ts an d  weights 
revealed no significant differences.
B ecause s tu d e n ts  were inform ed a t the beginning of the  study  th a t a 
physical height an d  weight m easu rem en t would be taken , it w as unlikely 
th a t they would purposely  m isrep resen t their height an d  weights. In 
order to tru ly  study  w hether s tu d e n ts  would purposely  m issta te  their 
heights an d  weights, it would be necessary  to su rp rise  them  with 
physical m easu rem en ts taken  w ith a  scale and  stad iom eter after 
collecting their self-reports. Additionally, these  s tu d e n ts  were enrolled in 
hea lth  science c lasses and  should  have been more fam iliar w ith 
ind icators of h ealth , su ch  as height and  weight, and  as su ch  m ay have 
been sensitized to those two variables.
W hether a  s tu d e n t had  a ttended  a  college n u trition  c lass or no t did 
no t improve h is /h e r  ability to self-estim ate energy requ irem ents. The 
range th a t w as created  by the 2  + s tan d a rd  deviations for the  estim ated  
energy requ irem ent should  have given am ple room for error, allowing 
s tu d e n t estim ates to vary by a  large m argin of calories yet still be 
considered a  correct answ er. This w as a cu rious finding a s  the  topic of 
energy balance is norm ally d iscussed  in in troductory  n u trition  classes.
In addition, m any nu trition  c lasses require the  com pletion of a  3-day 
d ietary  analysis w hich includes the calculation of estim ated  energy 
requirem ents.
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A nother observation is th a t the  m ajority of s tu d e n ts  who did not 
estim ate  correctly (n=104) underestim ated  the ir EER by a  m ean  of 1043 
calories, m aking it rem otely possible th a t s tu d e n ts  overstated the time 
spen t in physical activity as reported  on the IPAQ. This possibility is 
ra th e r unlikely though , since it w ould take a  severe overestim ation of 
physical activity, sim ilar to the  difference created  betw een the  sedentary  
and  very active categories, to app roach  su ch  a  large am o u n t of calories. 
Conversely, the s tu d e n ts  who estim ated  correctly were w ithin a  m ean 
am oun t of 98 calories of the ir EER.
There w as an  association  betw een gender an d  the  ability to estim ate 
EER correctly, w ith 41.3%  of the  fem ales com pared to 20.6%  of the m ales 
m aking a  correct estim ate. Fewer m ales th a n  expected were able to 
estim ate correctly, dem onstra ting  th a t the fem ales in th is  study  had  a  
be tter idea of how m any calories they needed on a  daily basis to m ain tain  
their weight. This resu lt is in agreem ent w ith o ther findings showing 
th a t fem ales have a  g reater tendency to be actively tiy ing to m anage their 
weight a s  com pared to m ales (McCracken, J ile s  & Blanck, 2007), (Kruger 
et al., 2004).
More th a n  1 /3  of the to tal sam ple w as e ither overweight or obese 
(Table 4) w hich is reflective of nationw ide estim ates am ong the  age group 
of 18-24 year olds, yet is still lower th a n  nationw ide ad u lt averages of 
66.4%  th a t  include all ages >19 years (NCHS, 2007). Since participation
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in the study  w as optional, m any s tu d e n ts  chose no t to partic ipate , so 
ac tual BMI d a ta  will differ.
Table 5 Body M ass Index (BMI) com parisons
Group Behavioral R isk  Factor 
Surveillance System  
(BRFSS) 2003
University o f  Nevada, 
Las Vegas (UNLV)
Normal weight^ 60.3 65.2
(<25.0 kg/m2)
Overweight 26.1 25.2
(25.0 -  29 .9  kg/m2)
Obese 13.6 9.7
(>30.0 k g /m2)
^Data for U nderw eight (<18.5 kilogram s per m eter sq u ared  kg/m^) BMI 
category is com bined w ith norm al weight 
A dapted from M cCracken, J iles & Blanck, 2007
Although the average m ales’ BMI of 26.3 categorized them  as overweight, 
the average body fat percentage w as 16.5 w hich is well below the 20-24%  
predicted body fat percentage associated  w ith a  BMI betw een 25.0 and  
29.9. The fem ales’ average BMI w as 23 w hich fell in the 21-32%  range 
associated  w ith th a t BMI (American College of Sports Medicine, 2006). It 
h a s  been suggested th a t non-ath le te  college s tu d e n ts  have a  g reater 
am o u n t of m uscle m ass th a n  older ad u lts  w hich cau ses  m isclassification 
of m any into the  overweight BMI. A revised BMI c u t po in t of 26.5 for 
m ales an d  24.0 for fem ales w as recom m ended to overcome th is  problem  
in the non-ath le te  college s tu d e n t population  (Ode, Pivarnik, Reeves &
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Knous, 2007). This revision would move 7 m ales ou t of the  overweight 
category into the  norm al weight category, b u t it would also move 10 
fem ales ou t of the  norm al weight category into the  overweight category. 
However, it should  be noted th a t  th is  correction is no t m ade in the 2003 
Behavioral Risk Factor Surveillance System  (BRFSS), so in terp reta tion  of 
overweight and  obesity sta tis tics  w ith young ad u lts  should  be done w ith 
caution.
The m ean PAL of 1.8 + .5 is skewed by the am oun t of pa rtic ipan ts 
classified as either seden tary  or very active, an d  although  the m ean PAL 
indicates an  “active” physical activity level, 47 partic ipan ts (30.3%) were 
classified as seden tary  (Table 5). The 2003 BRFSS resu lts  showed th a t 
10.9% of the 18-24 year-olds in their sam ple were inactive m eaning th a t 
they h ad  no leisure time, household  or tran sp o rta tio n  related physical 
activity, and  th a t 33.2%  h ad  insufficient activity (McCracken et al, 2007).
Table 6 C haracteristics by physical activity level (PAL) category
Sedentary  
(n = 47)
Low Active 
(n = 19)
Active Very Active 
(n = 52)
Males 8 (17%) 8 (42%) 16 (43%) 31 (60%)
Fem ales 39 (83%) 11 (58%) 21 (57%) 21 (40%)
Body M ass Index 22.8 + 4.2 25.5 + 4.9 24.2 + 4.8 25.3 + 4.6
F a t  P e rc e n ta g e 22 + 6.7 21.3 + 6.9 20.6 + 6.5 19.4 + 8.2
PAL 1.2 + .1 1.5 1.7 + .1 2.4 + .4
Correct EER^ 27 (57%) 10 (53%) 9 (24%) 5 (10%)
^Estim ated Energy R equirem ent (EER)
Values are  m eans + s tan d a rd  deviation, except w here noted
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C onclusions an d  Recom m endations 
for F u rth e r Study- 
Overall, th is  study  h as  show n th a t college s tu d e n ts  were unab le  to 
estim ate  their EER w ithin a  range equal to + 2 s tan d a rd  deviations. The 
ability to estim ate w as improved w hen gender w as considered, with 
fem ales correctly estim ating  the ir energy requ irem en ts b e tte r th a n  the 
m ales, however having taken  a  college nu trition  c lass did no t 
significantly improve the ability to estim ate  the EER correctly. A lthough 
self-reported heigh ts and  w eights were significantly different from 
m easu red  heights and  weights, the differences were no t clinically 
significant and  did no t significantly affect BMI’s th a t  were calculated  
using  self-reported data .
W hether possessing  the ability to estim ate energy needs h a s  a  bearing  
on the  ability to m ain ta in  energy balance or no t is som ething th a t should  
be stud ied  in the  fu ture. If knowledge of energy balance concepts 
including personal energy requ irem ents helps the  individual m ain tain  
energy balance, efforts to teach  these  concepts should  be included in 
healthy  weight in terventions and  public m essages designed to prom ote 
healthy  weight. It would also be usefu l to find ou t why nu trition  
s tu d e n ts  w e re  not able to estim ate  their energy needs any be tter th an  
s tu d e n ts  w ith no prior college nu trition  class. There were no significant 
differences in ability to estim ate  the EER betw een the  two groups.
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A lot of d a ta  rela ted  to physical activity w as collected during  th is 
s tudy  th a t could be analyzed fu rther, including M ET-m inutes per week 
spen t in each physical activity dom ain and  a t different in tensities of 
work. It would be of in te res t to s tudy  fu rther the effects of reported 
physical activity from certain  dom ains, and  explore if associations exist 
w ith healthy  BMIs. The s tu d e n ts  in th is  s tudy  u sed  the  w ork dom ain to 
report m uch  of their physical activity w hich ind icates th a t m any 
s tu d e n ts  have a  job outside of the ir studies.
A nother a rea  of study  could be designed a round  the  validity of u sing  
IPAQ d a ta  to classify physical activity levels for u se  in the EER equation. 
A lthough the  IPAQ h as  been validated  for u se  as an  in s tru m e n t to 
classify the  level of physical activity recom m endations (Craig et al.,
2003), th is  is the  first time the a u th o r is aw are of th a t d a ta  derived from 
the IPAQ h as  been u sed  to classify PALs to a sse ss  energy requirem ents. 
Yet an o th e r topic of in te res t is the  ability of the  individual to classify 
h is /h e r  u su a l level of physical activity correctly w hen using  interactive 
program s like diet analysis software. A p e rso n ’s EER could be falsely 
inflated if the physical activity level is exaggerated.
G reater th an  50% of s tu d e n ts  in the  seden tary  an d  low active physical 
activity level categories were able to estim ate  the ir EER needs correctly, 
and  th is  could be a ttrib u ted  to the  am o u n t of fem ales in those categories. 
However, large percen tages of fem ales in the  active and  very active 
categories were observed also, an d  despite their gender very few of the
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fem ales in these two categories were able to estim ate  the ir EER correctly. 
A closer analysis of the  m eans of the estim ated  EER erro rs for fem ales 
according to PAL category could reveal significant differences an d  would 
raise  new questions.
This study  h as  dem onstra ted  th a t  the m ajority of college s tu d e n ts  are 
no t able to estim ate their EER w ithin a  range equal to + 2 s tan d a rd  
deviations. These prelim inary findings suggest th a t  people are  not aware 
of the  energy required  to m ain tain  the ir personal s ta te  of energy balance, 
and  fu rth er a ssessm en t of th is  topic could provide a  be tter 
u n d e rs tan d in g  to a ss is t people in the  achievem ent an d  m ain tenance  of 
healthy  weight.
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CHAPTER 1
STATEMENT OF THE PROBLEM 
Self-reported caloric in takes are  often underreported , while self 
reported physical activity is often exaggerated. B ecause in take  and 
expenditu re  are the  two com ponents th a t m ake u p  the  energy equation, 
erro rs in self-reporting m ake it difficult to evaluate energy im balance, 
however the  scale does no t lie. Do people actually  m isreport the 
inform ation because they w ant to “save face,” or is it because  they do no t 
u n d e rs ta n d  how th is  inform ation im pacts their personal energy balance, 
th u s  m inim izing the  im portance of accu ra te  reporting?
The problem  directing th is  s tu d y  is: do college s tu d e n ts  
u n d e rs ta n d  the concept of energy balance as it re la tes to them ? Related 
questions include: do college s tu d e n ts  know their basa l energy 
expenditu re?  Do college s tu d e n ts  know  their to tal daily estim ated  energy 
requ irem ents?  C an s tu d e n ts  accurately  s ta te  the ir heigh t and  weight?
Is gender or nu trition  education  rela ted  to how well a  s tu d e n t answ ers 
the aforem entioned questions?
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A ssum ptions 
The following assu m p tio n s will guide th is  study:
1. Objective anthropom etric  m easu rem en ts , su ch  a s  height, weight, 
and  body fat, can  be taken  w ith ease and  m inim al discom fort to 
partic ipan ts.
2. A p e rso n ’s average daily physical activity level can  be estim ated  
using  d a ta  from a  self-adm inistered 7-day physical activity 
questionnaire .
3. B asal energy expenditure (BEE) an d  total energy expenditu re  (TEE) 
can  be predicted  w ith equations.
4. The trad itional college s tu d e n t age ranges betw een 19-24 years of 
age.
5. The estim ated  energy requ irem ent equation  (EER) is best u sed  to 
determ ine energy needs for an  individual w ith a  healthy  BMI and 
m ay vary w ithin two s tan d a rd  deviations. For exam ple, the EER 
for a  140 lb. 4 2 -year old low active w om an w ith a  heigh t of 65 
inches would be 2148 kcals, b u t expenditure  could differ by two 
s tan d ard  deviations e ither way. A be tter estim ate  of EER would be 
to give a  range determ ined by a 95% confidence interval, or 2148 + 
(2 X  SD) w hich is 2148 ± (2 x 162) = 1824 -  2472 kcals (National 
Academy of Sciences, In stitu te  of Medicine, Food an d  N utrition 
Board, 2005, p. 950).
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6 . A handheld  bioim pedance analyzer can  give a  quick estim ate  of 
body fat.
7. All equipm ent will be calib rated  prior to u se  and  personnel taking 
an thropom etric  m easu rem en ts  will be tra ined  to standard ize  
m easu rem en t techniques.
8 . College s tu d e n t pa rtic ipan ts  will be totally h o n est w hen filling ou t 
surveys.
H ypotheses
The research  hypothesis s ta te s  th a t college s tu d e n ts  do no t know 
their EER w ithin a  range of calories equivalent to two s tan d ard  
deviations. The null hypothesis s ta te s  th a t college s tu d e n ts  know their 
EER w ithin a  range of calories equivalent to two s tan d a rd  deviations.
Definitions
The following definitions are  given for the pu rpose  of clarification:
1. The Physical Activity Level (PAL) is the  ratio  of total energy
expenditure  (TEE) to basa l energy expenditure  (BEE) an d  is u sed  to 
classify an  indiv idual’s u su a l level of daily activity according to the 
Dietary Reference In takes (DRPs). There are four levels u sed  in 
th is  study: seden tary  (PAL > 1.0 < 1.4), low active (PAL > 1.4 <
1.6), active (PAL > 1.6 < 1.9), and  very active (PAL > 1.9 < 2.5)
(NAS, lOM, FNB, 2005, p. 157).
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2. The Physical Activity (PA) coefficient is the  num erica l value 
assigned to a  given PAL for u se  in the EER prediction equation. It 
will differ betw een genders.
3. The Total Energy E xpenditure (TEE) is based  upon  the  E stim ated  
Energy R equirem ent (EER) prediction equation  u sed  to determ ine 
an  indiv idual’s energy needs in kilocalories and  is based  on 
requ irem ents for weight m ain tenance.
4. Body M ass Index (BMI) is an  index of h ealth  u sing  weight in 
kilogram s divided by height in m eters squared . A BMI of <18.5 
denotes underw eight, 18.5 -  24.9 denotes a  healthy  range, 25 -  
29.9 ind icates overweight, and  a  BMI >30 classifies an  individual 
as obese.
5. B asal Metabolic Rate (BMR) is defined as the  ra te  of energy 
expenditure  m easu red  in a  sup ine position upon  w aking after a 
12-14 ho u r fast.
6 . B asal Energy E xpenditure (BEE) is the 24 -hour extrapolation  of 
BMR and  does no t include energy expenditure  due to the  Therm ic 
Effect of Food (TEF) or Excess Post-Exercise Oxygen C onsum ption  
(EPOC).
7. Metabolic E quivalent (MET) is energy expenditure  relative to a  VO2 
of 3.5 m l/k g  body w eigh t/m in .
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Lim itations
As w ith any study  th a t  depends on subjective d a ta  ob tained  from self- 
reported  m eans, ac tu a l physical activity levels m ay be different th an  
those estim ated  from the d a ta  due  to inaccuracies in self-reporting. 
Physical activity levels m ay vary from day to day depending on the 
am o u n t of leisure activity perform ed. In addition, fidgeting is no t taken  
into accoun t and  m ay con tribu te  to an  indiv idual’s TEE. These 
lim itations however can  be m inim ized since the  variable being m easured  
is the am oun t of agreem ent betw een an  individual’s perceptions of 
h is /h e r  PAL and  a calculated  PAL estim ate  ob tained  from a  PA 
questionnaire.
B ecause the BMI does no t m easu re  body fat and  m uscle m ass, it m ay 
erroneously  classify an  extrem ely m u scu la r individual in the  overweight 
or obese category. However, the  om icron handheld  body fat analyzer will 
be u sed  in addition to the BMI and  should  be usefu l in cases w hen an 
indiv idual’s BMI is affected by m uscularity . A lthough it is no t a  highly 
accu ra te  tool to m easu re  body fatness, it is convenient an d  easy to use , 
and  it will give an  additional piece of da ta . This lim itation of accuracy  
however m ay be addressed  by in stead  using  additional m easu res of w aist 
circum ference in m ales, or triceps sk in  folds in fem ales, w hose BMI is > 
25 yet do not obviously appear overweight or obese (NAS, lOM, FNB, 
2005, p. 124).
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CHAPTER 2
REVIEW OF THE LITERATURE 
Major Concepts 
Prevalence of overweight and  obesity 
in ad u lts  and  associated  
h ea lth  consequences 
The prevalence of ad u lt overweight and  obesity in the  U.S. is cu rren tly  
55.4%  (National C enter for H ealth S tatistics, 2006). It is widely 
recognized th a t overweight and  obesity is rela ted  to an  increased  
m orbidity from chronic d iseases and  an  increase in m ortality  in general 
(National Heart, Lung and  Blood Institu te , 2000), an d  the  CDC estim ates 
th a t 112,000 d ea th s are rela ted  to obesity every year in the  U.S. (Center 
for D isease Control and  Prevention, 2005). A leading H ealthy People 
2010 health  objective is to raise the  ra te  of a d u lt A m ericans age 20 and  
over a t a  healthy  weight from the la tes t estim ate  of 32% in 2004 to 60% 
by the  year 2010. Conversely, an o th e r health  objective is to reduce the 
percentage of obese ad u lts  from 31% to 15% (Center for D isease Control 
and  Prevention, 2007).
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W eight s ta tu s  in early adulthood  is related  to an  increased  m ortality 
in la ter life, as re su lts  suggest from a  study  th a t tracked  629 male 
University of Glasgow alum ni. A m ean  weight gain of 8.6 kg w as noted 
betw een the m edian age of 22 yrs. an d  38 yrs, w ith a  corresponding 
m ean  increase in BMI from 21.4 to 24.2. Only 46 p a rtic ip an ts  were 
overweight in college, b u t th a t n u m b er increased  to 246; however these  
gains in BMI were no t well associated  w ith m ortality. A strong 
rela tionsh ip  w as observed betw een BMI in college an d  all cause  m ortality 
dem onstra ting  th a t BMI in early adulthood  h a s  more im pact on m ortality 
th a n  does BMI in midlife (Jeffreys, M cCarron, G unnell, McEwen, & Davey 
Sm ith, 2003).
Even the m ost active college s tu d e n ts  are  sub ject to weight gain after 
graduation . W eight gain fours years after college g radua tion  averaged 
6.73 kg (p<0.05) in 26 m ales who were very active as s tu d e n ts  b u t later 
becam e sedentary . M ean BMI increased  from 23.18 to 25.40, and  a  
nearly  50% increase  w as found in the  sum  of 5 skinfolds w ith a  35% 
increase  in body fat. In addition, som e m easu res of physiological work 
capacity  decreased  significantly. A lthough the  p a rtic ip an ts  recognized 
the ir need to stay  active, the  reasons for their seden tary  behavior were 
m ostly due to lack  of tim e, m aking a  living, prom oting th e ir careers, and  
ad justing  to life w ith a  significant o ther a n d /o r  family (Zsolt e t al., 2007).
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W eight gain in college s tu d e n ts  
Anecdotally, college s tu d e n ts  are know n to p u t on the “freshm en 
15,” however stud ies exam ining th is  phenom enon have arrived a t 
different resu lts . In a  follow u p  study  of 290 s tu d e n ts  a t W ashington 
University, 69% had  significantly increased  their BMI from 22.6 to 23.2 
(p<0.001) betw een the beginning of their freshm an  year and  the  end of 
their sophom ore year. They averaged a  weight gain of 1.8 kg (p<0.001), 
a lthough  the  m ean  weight gain for those who gained w as 4.1 kg 
(p<0.001), close to 9 pounds each (Racette, D eusinger, S trube, H ighstein, 
& D eusinger, 2005).
W eight gain in college s tu d e n ts  is subtle, b u t significant, as 
dem onstra ted  by a  study  on 27 newly adm itted  freshm en a t San  Jo se  
S tate  University. A lthough not sta tistically  significant, they averaged a 
positive energy balance of 55 calories over a period of 16 weeks. This 
sm all am o u n t of additional calories likely con tribu ted  to the  significant 
m ean weight gain of 3 .0 lbs (p<0.001) experienced by the group 
(H ajhosseini et al., 2006).
Regular, daily weighing w ith weekly feedback helped female college 
freshm en m ain tain  energy balance com pared to fem ales in a  control 
group th a t received no trea tm en t. The control group gained an  average 
of 3.1 kg (p<0.01) while the trea tm en t group gained an  insignificant 0.1 
kg (Levitsky, Garay, N ausbaum , Neighbors, & DellaValle, 2006).
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N utrition knowledge level 
of college s tu d en ts  
A S pan ish  university  study  com pared the nu trition  knowledge and  
associated  behaviors of 4 groups of university  s tu d e n ts  from different 
colleges, including n u trition  s tu d en ts . A lthough n u trition  s tu d e n ts  had  
the h ighest level of n u trition  knowledge, the ir d ietary  behaviors were no t 
significantly different th a n  those from the o ther colleges who had  lower 
levels of nu trition  knowledge. There w as no difference in self-reported 
energy consum ption; however a gender difference did exist in self- 
reported height an d  weight. Fem ales tended  to overestim ate height and  
underestim ate  weight while m ales reported  m ore realistic m easu rem en ts. 
The researchers concluded th a t nu trition  knowledge did no t have an  
effect of food or hea lth  behaviors (Montero Bravo, U beda M artin, &
G arcia Gonzalez, 2005).
A 2 -year random ized controlled trial exam ined the effects of an  
in tervention giving healthy  lifestyle sem inars to healthy, non-obese 
freshm en stu d en ts . At the  end of thé  study, the  control group w hich 
received no in tervention had  gained weight, while the  trea tm en t group 
had  slightly lost weight overall, resu lting  in a  m ean  difference of 1.3 kg 
betw een the  two groups. A lthough sm all in th is  study , the  changes in 
weight over a  longer period of tim e can  becom e large leading to potential 
adverse health  im plications (Hivert, Langlois, B erard , C uerrier, & 
C arpentier, 2007).
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Two groups of female freshm en were com pared to a sse ss  weight 
s ta tu s  a t the  end of a  15-m onth period. The trea tm en t group com pleted 
a  one sem ester nu trition  science college course w ith em phasis on 
physiology and  m etabolism  w hereas the  control group did not. Among 
the s tu d e n ts  in both groups w ith BMTs above 24, those in the  trea tm en t 
group m ain tained  their weight while those in the control group gained an  
average of 9.2 kg (p<0.012) (Matvienko, Lewis, & Schafer, 2001).
BMI m ay be rela ted  to dietary  h ab its  and  specific nu tritional 
knowledge. A study  exam ined the  food h ab its  and  n u tritio n a l knowledge 
of S pan ish  21-30 year old college s tu d e n ts  w ith norm al an d  high BMI’s. 
A lthough both groups of s tu d e n ts  lacked knowledge an d  did no t have 
balanced diets, fem ales w ith healthy  BMTs tended  to consum e more 
dairy p roducts th a n  the  fem ales w ith high BMTs (Mena et al., 2002).
Self-perceived weight s ta tu s  
of college s tu d e n ts  
In a  s tudy  a t a  predom inantly  black university , 50.4%  of the 123 
m ale s tu d e n ts  who partic ipated  were classified as overweight or obese. 
O ut of those who were overweight or obese, 59.7%  incorrectly  sta ted  their 
weight as “norm al” as com pared to guidelines from the National 
I n s t i t u t e s  of H e a lth .  They also chose healthy  w eights th a t  were higher 
th a n  those chosen  by their norm al weight co u n te rp arts  (p<.001) and  
were m ore likely to disagree th a t weight loss w ould be beneficial to 
health . In th is pa rticu la r group, over half of those th a t were overweight
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did not perceive they were a t u n h ea lth y  w eights (Gross, S co tt-Johnson , & 
Browne, 2005).
Self-reported weight m ay no t be a s  accu ra te  a s  self-reported 
height. The researchers of a  study  on 151 hea lth  sciences s tu d e n ts  took 
both  self-reported an d  subjectively m easu red  height an d  weight 
m easu rem en ts. A m ean height of 65 inches w as the  sam e for both  self- 
reported and  subjective m easu rem en ts , however self-reported weight was 
155 pounds as com pared to the m easu red  m ean  weight of 165 pounds 
(Adderley-Kelly, 2007).
A study  using  female college s tu d e n ts  reported  they h ad  correct 
perceptions of the ir weight s ta tu s , particu larly  the  overweight s tu d en ts , 
however the study  u sed  self-reported m easu res of weight w hich the 
a u th o rs  pointed ou t tend  to be underreported . A nother in teresting  
finding w as the negative association  betw een exercise an d  res tra in t 
dieting (limiting caloric intake), even in those trying to lose weight. This 
finding suggests th a t these  fem ales u sed  dieting practices a s  their m ain 
m ethod to lose weight, ignoring either by choice or th rough  ignorance the 
im portance of physical activity in the  energy balance equation  
(Sham aley-K ornatz, Sm ith, & Tom aka, 2007).
M ethods to estim ate energv requ irem ents 
and  caloric in take 
Diet records are  often underrepo rted  m aking it difficult to a sse ss  the 
in take portion of the  energy balance equation , th u s  the  BMI becom es
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usefu l w hen determ ining the adequacy of energy in take  (NAS, lOM, FNB, 
2005, p. 955). C om pounding the  issue, BMI and  an  indiv idual’s desire to 
lose weight have been show n to im pact the self-reported com ponents of 
energy balance. A study  on young S pan ish  wom en show ed th a t  women 
w ith the  h ighest BMI’s tended  to report an  in take 15.7% less th a n  their 
estim ated  expenditure  needs while wom en w ith the  lowest BMI’s reported 
in takes 9.3%  greater th a n  their estim ated  expenditure  needs (Ortega et 
al., 1996).
The norm al weight TEE prediction equations for EER were derived 
from DLW stud ies an d  observed BEE in 407 adu lts . The TEE equations 
including overweight and  obese a d u lts  also u sed  d a ta  from an  additional 
360 a d u lts  who were overweight and  obese. The d a ta  in the  equations is 
a ssu m ed  to be represen tative  of the  m etabolism  of healthy  individuals, 
excluding those th a t  engage in physical activity full tim e. Analysis of the 
equations w as accom plished using  SPSS, version 10.0, and  the  best 
predictions resu lted  w hen the  d a ta  w as fitted separately  by specific age 
groups an d  gender (NAS, lOM, FNB, 2005, p. 157).
M easurem ent of phvsical activity 
and  energv expenditure 
The m ost accu ra te  m ethods of m easu ring  energy expenditure 
include doubly-labeled w ater (DLW), direct calorim etry, an d  indirect 
calorim etry m ethods, however these  m ethods are no t su itab le  to study  
large groups due to lack of feasibility. There are  several m ethods th a t
65
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
m ay be u sed  to study  large groups including self-reporting in s tru m en ts , 
d irect observation, and  m otion sensors, each w ith the ir corresponding 
advantages and  lim itations. Of these, the  self-reporting in s tru m e n ts  (PA 
records an d  questionnaires) are  easiest to adm in ister an d  lowest in cost. 
They have the advantage of not influencing behavior, b u t possess the 
lim itations th a t accom pany self-reporting and  recall (Valanou, Bam ia, & 
Trichopoulou, 2006).
The S tanford 7-day physical activity recall tended  to overestim ate 
the energy expenditure  of 24 m ale sub jects by a  m ean  am o u n t of 30.6%  
w hen com pared to the doubly labeled w ater m ethod. There w as also a 
high level of individual variability and  the  d a ta  indicated  th a t  the error 
was due to a  m isperception of exertion levels on behalf of the  subjects. 
The a u th o rs  suggested th a t the  recall’s u se fu ln ess  w as geared tow ard 
large epidemiological stud ies, no t to estim ate individual energy 
expend itu res or for sm all g roups (Conway, Seale, Ja co b s  J r .,  Irwin, & 
Ainsw orth, 2002).
The In ternational Physical Activity Q uestionnaire  (IPAQ) h as  been 
show n to be both a  reliable and  valid tool to determ ine physical activity 
in people ages 15-69 years (Craig et al., 2003). There are  two versions of 
the  questionnaire , a  sho rt an d  a long form, as well a s  the  ability to self- 
adm in ister e ither version. A p erson ’s physical activity reported  in MET’s 
can  be obtained  w ith the  d a ta  from the IPAQ. The long version IPAQ was 
recently stud ied  for validity again st d a ta  from both  accelerom eters and
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PA logs an d  show n to possess high co n cu rren t validity. Total energy 
expenditure  expressed as MET-h week w as significantly correlated 
betw een the  IPAQ an d  the log book (p = .067, P  <0.0001), w ith the 
difference being -2.9 + 44 MET-h week (n,s). Total PA w as significantly 
correlated betw een the  IPAQ an d  the  accelerom eter (p = .055, P  <0.0001). 
The re su lts  indicate th a t  the long version IPAQ is a  su itab le  tool to collect 
PA d a ta  derived from several dom ains w here PA can  occur (Hagstrom er, 
Oja, Ô5 Sjdstrdm , 2006).
Source of Review 
The lite ra tu re  review w as accom plished by search ing  the  Scopus, 
Medline, an d  Psychlnfo indexes using  the following search  term s: energy 
balance perception, college stu d en t, body weight, weight gain, nu trition  
knowledge, caloric in take, physical activity level, energy expenditure  
assessm en t.
E quipm ent & M easuring T echniques 
The Om ron han d h eld  bioim pedance body fat analyzer w as com pared 
to hydrostatic  weighing for predictive accuracy  a t the  University of New 
M exico . P a r t i c ip a n t s  in c lu d e d  a  to ta l  of 48 m e n  a n d  w o m e n  b e tw e e n  th e  
ages of 18 and  55 years w ith a  range of body fat percentage betw een 7 
and  42.8. The accuracy  ra te  for wom en w as 65% an d  72% for m en + 
3.5% body fat. B ased on th is  sam ple, the  a u th o rs  concluded th a t the
67
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Om ron body fat analyzer w as a su itab le  tool to m easu re  body fat in 
people w ith sim ilar charac teristics  (Gibson, Heyward, & M ermier, 2000).
To m easure  s ta tu re , or height, the  partic ipan t should  remove foot 
w ear and  s tan d  w ith heels together, legs stra igh t, a rm s along sides w ith 
the head  aligned in the  F rankfort plane. The bu ttocks, heels, shoulder 
blades an d  back of head  shou ld  touch  the stadiom eter, b u t m ay not be 
possible due to body com position. Get as m any  of the  four poin ts to 
touch  in the event th a t  no t all can  be achieved. Subject shou ld  then  
inhale, hold b rea th , and  s tan d  tall while m easu re r lowers headboard  
enough to com press hair. M easurem ent should  be tak en  w ith eyes level 
to headboard  to n ea res t 0.1 cm or 1 /8  inch (Lee & Nieman, 2003, p. 166).
The balance beam  scale m u st be calibrated  every time it is moved and  
before tak ing  w eights for research  and  it m u st re s t on a  flat, h a rd  
surface. The p a rtic ip an t will remove shoes and  coat and  s ta n d  on the 
middle of platform . Two m easu rem en ts  should  be tak en  and  the weight 
recorded to the n e a res t 100 g or % lb (Lee & Nieman, 2003, p. 167).
Prediction equations are  taken  from the Dietary reference in takes fo r  
energy, carbohydrate, fiber, fa t, fa tty  acids, cholesterol, protein, and amino 
acids (NAS, lOM, FNB, 2005) an d  are as follows:
BEE E quations 
BEE (kcal/d) for norm al-w eight, overweight, an d  obese men:
293 -  (3.8 X age[y] + 456.4 x height {m) +10.12 x weight {kg)
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BEE (kcal/d) for norm al-w eight, overweight, an d  obese women:
247 -  (2.67 X age[y l + 401.5 x height{m) + 8.60 x weight(kg)
PAL E quations 
PAL for men: (# METs -1) x 1.34 x (min-  ^1,440 min)
W here 1.34 = 1.15percent(EPOC)  0.9percent(TEF) 4-0.95percent 
PAL for w om en:(#M£r.s- l)x l.42x(min4-1,440min)
W here 1.42 = 1.15percent(EPOC)  4-0.9percent{TEF) 4-0.91 percent
EER E quations
EER for norm al-w eight, overweight, an d  obese m en ages 19 years and  
older: 864 -  (9.72 x age[y]) + P A x  (14.2 x weight[kg~\ 4- 503 x height[m])
W here PA is the physical activity coefficient:
PA = 1.00 if PAL is estim ated  to be >1-0 <1.4 (sedentary)
PA = 1.12 if PAL is estim ated  to be >1.4 <1.5 (low active)
PA = 1.27 if PAL is estim ated  to be >1.6 <1.9 (active)
PA = 1.54 if PAL is estim ated  to be >1.9 <2.5 (very active)
EER for norm al-w eight, overweight, and  obese wom en ages 19 years and  
older: 387 -  (7.31 x age[y]) + P A x  (10.9 x weight[kg] + 660.7 x he/ght[m])
W here PA is the  physical activity coefficient:
PA = 1.00 if PAL is estim ated  to be >1.0 <1.4 (sedentary)
PA = 1 . 1 4  if PAL is  e s t im a te d  to  b e  > 1 .4  < 1 .6  (low  ac tive)
PA = 1.27 if PAL is estim ated  to be >1.6 <1.9 (active)
PA = 1.45 if PAL is estim ated  to be >1.9 <2.5 (very active)
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CHAPTER 3
METHODS 
R esearch Q uestions 
R esearch Q uestion # 1 
Is there  a  significant difference betw een college s tu d e n ts ’ self­
estim ated  and  predicted to tal daily energy requ irem ents?
The dependen t variable will be daily caloric need an d  the  independen t 
variable will have two levels, (1) self-reported estim ated  daily caloric 
needs and  (2) calcu lated  TEE based  on gender, age, height, an d  weight.
A 95% confidence interval (01) will be u sed  to determ ine the  accuracy  of 
each  indiv idual’s estim ate. The Cl will be based  on a  s ta n d a rd  deviation 
betw een 199 and  208 for m ales and  160 to 162 for fem ales. The 
s ta n d a rd  deviation used  will be based  on each p a rtic ip an t’s BMI (see 
Table 1).
D ata from th is  question  will be analyzed w ith a  dependen t t-test.
R esearch Q uestion #2 
Is there  a  significant difference betw een college s tu d e n ts ’ self­
estim ated  and  predicted basa l energy expenditure?
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The dependen t variable will be BEE and  the  independen t variable will 
have two levels, (1) self-reported estim ated  BEE an d  (2) calcu lated  BEE 
based  on gender, age, height, an d  weight. A 95% Cl will be u sed  to 
determ ine the accuracy  of each indiv idual’s estim ate.
D ata from th is  question  will be analyzed w ith a  dependen t t-test.
R esearch Q uestion #3 
Is there  a  significant difference betw een college s tu d e n ts ’ perceived 
height and  weight an d  ac tual height and  weight?
The dependen t variables will be height and  weight an d  the 
independen t variable will have two levels, (1) self-reported heigh t and  
weight and  (2) ac tu a l height an d  weight. A 95% Cl will be u sed  to 
determ ine the accuracy  of each individual’s estim ate.
D ata from th is  question  will be analyzed w ith a  two dependen t t-te sts , 
one for each  dependen t variable.
R esearch Q uestion #4 
Is there  an  association  betw een having taken  a  college nu trition  class 
and  one’s ability to estim ate total daily energy requ irem ents?
D ata will be analyzed w ith a  C hi-square  te s t for association  as 
dem onstra ted  below.
EER
EER C orrect Incorrect
N utrition 
C lass 
NQ N utr 
C lass
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R esearch Q uestion #5 
Is there  an  association  betw een gender and  one’s ability to estim ate 
total daily energy requ irem ents?
D ata will be analyzed w ith a  C hi-square te s t for association  as 
dem onstra ted  below.
EER
EER C orrect Incorrect
Males
Fem ales
Subjects
A convenience sam ple will be taken  from u n d erg rad u a te  s tu d en ts  
enrolled a t UNLV. According to the National C enter for E ducation  
S tatistics, over 50% of trad itional college s tu d e n ts  are  u n d e r the  age of 
23 years old (2000), so d a ta  from s tu d e n ts  over the  age of 23 will be 
excluded from the study. H um an sub ject righ ts will be pro tected  and  
IRB approval or exem ption will be g ran ted  before proceeding w ith the 
study.
E quipm ent
A professional m edical balance beam  scale m odel 4 02 LB 
m a n u f a c tu r e d  b y  H e a l th  o m e te r ,  7 0 0  W e s t lOO^h P la c e , B rid g e v iew , IL 
60455
A portable stad iom eter m odel 214, m anu fac tu red  by Seca Corp., 3401 
C entrelake Drive Suite 320, Q ntario, CA 91761
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The HBF-306 O m ron body fat analyzer m anu fac tu red  by Om ron 
H ealthcare, Inc., 300 Lakeview Parkway, Vernon Hills, IL 60061
The Lange skinfold caliper m anu factu red  by B eta Technology, 2841 
M ission St., S an ta  Cruz, CA 95060 
A m easuring  tape
Protocol
Partic ipan ts will be inform ed of the  study  a t the  beginning of their 
c lass m eeting and  will be given inform ed consen t form s to sign if willing 
to participate . In structions on survey com pletion will be given to the 
c lass as a  whole and  read from a  script. P artic ipan ts will th en  be given 
an  index card  w ith a  code an d  a  corresponding coded survey. The code 
will be u sed  to m atch  an thropom etric  m easu rem en ts  to survey responses 
during  analysis and  is in tended  to provide confidentiality. D uring the 
c lass m eeting, pa rtic ipan ts  will be called ou t individually and  taken  to a 
private a rea  w here tra ined  g radua te  s tu d e n ts  will take  height, weight, 
and  body fat m easu rem en ts. The resu lts  will be recorded on the 
p a rtic ip an t’s coded index card , w hich will th en  be stored  for fu tu re  d a ta  
en try  and  analysis, and  com pleted surveys will be trea ted  likewise. Upon 
com pletion of initial survey responses, the self-adm inistered long version 
IPAQ will be given to each p artic ipan t along w ith in s tru c tio n s  read to the 
whole c lass from a  script. The IPAQ’s will also be coded, collected, and  
m atched  for d a ta  collection and  analysis.
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D ata entry  will be accom plished using  an  Excel sp read sh ee t w hich 
will au tom atically  calculate the  following: BMI, BEE, TEE, dom ain 
specific METs, and  PAL. A standard ized  form explaining the  p a rtic ip an t’s 
energy balance will be created  for every partic ipan t after d a ta  en try  is 
accom plished in an  effort to provide education  regarding energy balance.
S tatistical Analysis 
SPSS, version 15.0 will be u sed  to analyze the  data .
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APPENDIX II
ADDITIONAL METHODS 
T hesis Survey Script 
D istribute Inform ed C onsent Form s
“Good (m orning/afternoon). My nam e is A urora Buffington and  I am  a 
g raduate  s tu d e n t in the  Kinesiology d epartm en t here  a t UNLV. You are 
invited to partic ipate  in a  research  study. The pu rpose  of th is  study  is to 
determ ine if college s tu d e n ts  know their estim ated  energy requ irem ents.
You are being asked  to partic ipate  in th is  study  because  you are a 
s tu d e n t betw een the  ages of 19 and  24 years enrolled in a  college class.
I f  you are not betw een  the ages o f  19 and 24 years, you m ay still 
participate, how ever your da ta  will be excluded from  the study .
If you volunteer to partic ipate  in th is  study , you will be asked  to do the 
following during  th is  initial contact: (1) fill o u t a  brief survey ab o u t your 
estim ated  energy needs, (2) fill ou t a  physical activity questionnaire ; and  
during  the  following class m eeting (3) have your height, weight, and  body 
fat percentage m easured . Your tim e com m itm ent should  be lim ited to 
approxim ately 25 m inu tes during  th is  initial encoun ter to com plete 
surveys an d  5 m inu tes on the  su b seq u en t encoun ter to collect 
an thropom etric  da ta . Since all information will be coded to ensure  
confidentiality, you will be assigned a code. PLEASE REMEMBER YOUR 
CODE. YOU ARE ENCOURAGED TO WRITE IT DOWN IN YOUR 
NOTEBOOK WHEN YOU RECEIVE IT.
There m ay  be d irect benefits to you as a  pa rtic ipan t in th is  study. In 
approxim ately 2 w eeks you will receive an  explanation  of your estim ated  
energy requ irem ents, your physical activity level, an d  your BMI. This 
information will not have your nam e on it, only the code you are assigned. 
PLEASE REMEMBER YOUR CODE if you would like to receive these 
resu lts .
There are  risks involved in all research  stud ies. This study  m ay include 
only m inim al risks. You m ay becom e uncom fortable  or em barrassed  
w hen answ ering som e questions or being m easured .
There will not be financial cost to you to partic ipa te  in th is  study. The 
study  will take 30 m inutes of your time. You will not be com pensated  for 
your time. The University o f  Nevada, Las Vegas m ay not provide
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com pensation or free  medical care fo r  an unanticipated injury susta ined  as  
a result o f  participating in this research study.
If you have any questions or concerns ab o u t the  study, you m ay con tact 
Dr. Tandy a t 7 0 2 -8 9 5 -5 0 5 8  or A urora Buffington a t 7 0 2 -8 9 5 -4 3 2 8 . For 
questions regarding the righ ts of research  sub jects, any  com plain ts or 
com m ents regarding the  m an n er in w hich the study  is being conducted  
you m ay con tact th e  UNLV Office for th e  P rotection  o f  R esearch  
Subjects at 7 0 2 -8 9 5 -2 7 9 4 .
Your partic ipation  in th is  s tudy  is voluntary  and  no t a  p a rt of th is  class; 
however your in s tru c to r h a s  perm itted  u se  of th is  classroom  facility and  
a  m inim al am o u n t of m eeting tim e to accom m odate th is  study. If you do 
not w ish to participate  you m ay leave the classroom  w hen 1 am  done 
reading th is script. You m ay refuse to partic ipate  in th is  s tudy  or in any 
p a rt of th is  study. You m ay w ithdraw  a t any tim e w ithou t prejudice to 
your relations w ith the university. You are encouraged to a sk  questions 
abou t th is  s tudy  a t the beginning or any  tim e during  the research  study. 
All inform ation gathered  in th is  s tudy  will be kep t completely 
confidential. No reference will be m ade in w ritten  or oral m ateria ls th a t 
could link you to th is  study. All records will be stored  in a  locked facility 
a t UNLV for a t least 3 years after com pletion of the  study. After the 
storage tim e the inform ation gathered  will be destroyed.
Please sign, date, and  p rin t your nam e if you agree to participate  in th is 
study. You also acknowledge th a t  you are a t least 18 years of age and  
th a t a  copy of th is  form h a s  been given to you. Do n o t s ig n  th is  
d o c u m e n t i f  th e  A p p ro v a l S ta m p  is  m is s in g  o r  is  e x p ir e d .”
GIVE STUDENTS OPPORTUNITY TO ASK QUESTIONS OR LEAVE IF 
THEY DO NOT WISH TO PARTICIPATE. Collect com pleted consen t 
form s an d  exchange for a  survey, an  IPAQ, an d  a  copy of the  inform ed 
consen t for them  to keep.
“Please COPY YOUR CODE som ew here in your notebook. You will need 
to rem em ber th is  code for ou r next m eeting AND you will need it to 
obtain  the  resu lts  of your energy balance estim ation.
I would like to th a n k  each of you for participating. Partic ipating  in th is 
survey is vo luntary  an d  your grade in th is  c lass will no t be affected by 
how you answ er the  questions. The answ ers you give are very im portant.
I a sk  th a t you read  each question  carefully and  answ er it based  on w hat 
you really know or do. I w ould like to em phasize th a t  th is  is not a te s t of 
you or th is  school.
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T hroughout the entire  survey process, I will m ain ta in  s tric t p rocedures 
to p ro tect your privacy and  allow for your anonym ous participation. 
Please do not write your nam e on the survey or IPAQ questionnaire . Your 
answ ers are  private. R esults of th is  survey will never be reported  by 
nam e or class. W hen you are done w ith the  survey an d  the 
questionnaire , you can  deposit them  in th is  large box.
Now I would like you to look a t the  one page survey. You m ay use  a  pen 
or pencil to fill it out. Please answ er each question  w ith the  best answ er 
you can  come u p  with. Even if you do no t know the answ er, give your 
best estim ation.
W hen you are done w ith th a t survey, p lease read  the  d irections and  
com plete the IPAQ. We are allowed an  additional 15 m inu tes to com plete 
these  surveys, w hich m ean th a t the survey will end a t approxim ately
_______. If you finish before th a t time, you m ay deposit your survey and
questionnaire  in the box and  leave quietly.
It is im portan t th a t you answ er the  surveys based  on w hat you really 
know or do. Do no t pick a  response ju s t  because you th in k  th a t is w hat 
som eone w an ts you to say.
Please m ake every a ttem p t to be p resen t for the nex t c lass m eeting a s  I 
will be tak ing  your height and  weight m easu rem en ts . These 
m easu rem en ts will be taken  privately, one partic ipan t a t a  tim e, and  
should  take no m ore th an  5 m inu tes per partic ipan t.
I would like to th a n k  all of you for partic ipating  in th is  study. The 
inform ation you provide will help u s  determ ine if college s tu d e n ts  know 
their estim ated  energy requ irem en ts .”
77
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
P artic ipan t Survey
Survey ID:
Please take a  few m inu tes  to fill ou t th is  survey. Your answ ers will be kep t confidential.
About You
1. What is  your gender? O Male O Female
2. What is  your age?
About H eight and W eight
3. W ith sh o es  rem oved, w hat is  your h eigh t in  fee t and in ch es?
4. W ith sh o es  rem oved, w hat is your current w eight in  pounds?
About Knowledge
5. If you  did absolu tely  noth ing excep t lie  qu ietly  in  bed all day,
how m any calories do you estim a te  your body would u se?  __________calories
6. How m any calories do you need per day to  m ain ta in  
your w eight?
7. Are you currently  enrolled in  a co llege nutrition  class?
O Yes O No
calories
8. Have you ever tak en  a co llege n utrition  class?
O Yes O No
T hank  you for your participation. Your in p u t is greatly appreciated .
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE
(October 2002)
LONG LAST 7 DAYS SELF-ADMINISTERED FORMAT
FOR USE WITH YOUNG AND M IDDLE-AGED ADULTS (15-69 years)
The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 questionnaires. 
Long (5 activity domains asked independently) and short (4 generic items) versions for use by 
either telephone or self-administered methods are available. The purpose of the questionnaires 
is to provide common instruments that can be used to obtain internationally comparable data on 
health-related physical activity.
Background on IPAQ
The development of an international measure for physical activity commenced in Geneva in 
1998 and was followed by extensive reliability and validity testing undertaken across 12 
countries (14 sites) during 2000. The final results suggest that these measures have acceptable 
measurement properties for use in many settings and in different languages, and are suitable 
for national population-based prevalence studies of participation in physical activity.
Using IPAQ
Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is 
recommended that no changes be made to the order or wording of the questions as this will 
affect the psychometric properties of the instruments.
Translation from English and Cultural Adaptation
Translation from English is encouraged to facilitate worldwide use of IPAQ. Information on the 
availability of IPAQ in different languages can be obtained at www.ipaQ.ki.se. If a new 
translation is undertaken we highly recommend using the prescribed back translation methods 
available on the IPAQ website. If possible please consider making your translated version of 
IPAQ available to others by contributing it to the IPAQ website. Further details on translation 
and cultural adaptation can be downloaded from the website.
Further Developments o f  IPA Q
International collaboration on IPAQ is on-going and an In ternational Physica l A c tiv ity  
Prevalence Study is in progress. For further information see the IPAQ website.
More inform ation
More detailed information on the IPAQ process and the research methods used in the 
development of IPAQ instruments is available at wwfw.ipaq.ki.se and Booth, M L. (2000). 
Assessment o f Physical Activity: An International Perspective. Research Quarterly for Exercise 
and Sport, 71 (2): s i 14-20. Other scientific publications and presentations on the use of IPAQ 
are summarized on the website.
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE
We are interested in finding out about the kinds of physical activities that people do as part of 
their everyday lives. The questions will ask you about the time you spent being physically active 
in the last 7 days. Please answer each question even if you do not consider yourself to be an 
active person. Please think about the activities you do at work, as part of your house and yard 
work, to get from place to place, and in your spare time for recreation, exercise or sport.
Think about all the vigorous and moderate activities that you did in the last 7 days Vigorous
physical activities refer to activities that take hard physical effort and make you breathe much 
harder than normal. Moderate activities refer to activities that take moderate physical effort and 
make you breathe somewhat harder than normal.
PART 1: JOB-RELATED PHYSICAL ACTIVITY
The first section is about your work. This includes paid jobs, farming, volunteer work, course 
work, and any other unpaid work that you did outside your home. Do not include unpaid work 
you might do around your home, like housework, yard work, general maintenance, and caring 
for your family. These are asked in Part 3.
1. Do you currently have a job or do any unpaid work outside your home?
I I No Skip to P A R T 2: TRANSPORTATION
The next questions are about all the physical activity you did in the last 7 days as part of your 
paid or unpaid work. This does not include traveling to and from work.
2. During the last 7 days, on how many days did you do vigorous physical activities like 
heavy lifting, digging, heavy construction, or climbing up stairs as part of your work? 
Think about only those physical activities that you did for at least 10 minutes at a time.
 days per week
I I No vigorous job-related physical activity.................. ..W  Skip to question 4
How much time did you usually spend on one of those days doing vigorous physical 
activities as part of your work?
  hours per day
 minutes per day
Again, think about only those physical activities that you did for at least 10 minutes at a 
time. During the last 7 days, on how many days did you do moderate physical activities 
like carrying light loads as part of your work? Please do not include walking.
  d a y s  p er  w e e k
I I No moderate job-related physical activity ► Skip  fo question 6
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How much time did you usually spend on one of those days doing moderate physical 
activities as part of your work?
  hours per day
  minutes per day
During the last 7 days, on how many days did you walk for at least 10 minutes at a time 
as part of your work? Please do not count any walking you did to travel to or from 
work.
  days per week
[ ~ |  No job-related walking — ►  Skip to PART 2: TRANSPORTATION
7. How much time did you usually spend on one of those days walking as part of your 
work?
  hours per day
 minutes per day
PART 2: TRANSPORTATION PHYSICAL ACTIVITY
These questions are about how you traveled from place to place, including to places like work, 
stores, movies, and so on.
8. During the last 7 days, on how many days did you travel In a motor vehicle like a train, 
bus, car, or tram?
 days per week
I I No traveling in a motor vehicle Skip to question 10
How much time did you usually spend on one of those days traveling in a train, bus, 
car. tram, or other kind of motor vehicle?
  hours per day
  minutes per day
Now think only about the bicycling and walking you might have done to travel to and from 
work, to do errands, or to go from place to place.
10. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a 
time to go from place to place?
  days per week
I I No bicycling from place to place  ^  Skip to question 12
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11. How much time did you usually spend on one of those days to bicycle from place to 
place?
  hours per day
  minutes per day
12. During the last 7 days, on how many days did you walk for at least 10 minutes at a time 
to go from place to place?
  days per week
r ~ |  No walking from place to place Skip to PART 3: HOUSEWORK,
HOUSE MAINTENANCE, AND  
CARING FOR FAMILY
13. How much time did you usually spend on one of those days walking from place to 
place?
  hours per day
 minutes per day
PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMIL Y
This section is about some of the physical activities you might have done in the last 7 days in 
and around your home, like housework, gardening, yard work, general maintenance work, and 
caring for your family.
14. Think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do vigorous physical activities like 
heavy lifting, chopping wood, shoveling snow, or digging In the garden or yard?
 ____ days per week
I I No vigorous activity in garden or yard 0# Skip to question 16
15. How much time did you usually spend on one of those days doing vigorous physical 
activities in the garden or yard?
  hours per day
 minutes per day
16. Again, think about only those physical activities that you did for at least 10 minutes at a 
time. During the last 7 days, on how many days did you do moderate activities like 
cariying light loads, sweeping, washing windows, and raking in the garden or yard?
  days per week
I I No moderate activity in garden or yard Skip to question 18
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17. How much time did you usually spend on one of those days doing moderate physical 
activities in the garden or yard?
 hours per day
  minutes per day
18. Once again, think about only those physical activities that you did for at least 10 minutes 
at a time. During the last 7 days, on how many days did you do moderate activities like 
carrying light loads, washing windows, scrubbing floors and sweeping inside your 
home?
  days per week
No moderate activity inside home — ^  Skip to P A R T4: RECREATION,
SPORT AND LEISURE-TIME 
PHYSICAL ACTIVITY
19. How much time did you usually spend on one of those days doing moderate physical 
activities inside your home?
  hours per day
 minutes per day
P A R T4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY
This section is about all the physical activities that you did in the last 7 days solely for 
recreation, sport, exercise or leisure. Please do not include any activities you have already 
mentioned.
20. Not counting any walking you have already mentioned, during the last 7 days, on how 
many days did you walk for at least 10 minutes at a time In your leisure time?
 days per week
I I No walking in leisure time ^  Skip to question 22
21. How much time did you usually spend on one of those days walking in your leisure 
time?
   hours per day
 minutes per day
22. Think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do vigorous physical activities like 
aerobics, running, fast bicycling, or fast swimming in your leisure time?
 days per week
I I No vigorous activity in leisure time Skip to question 24
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23. How much time did you usually spend on one of those days doing vigorous physical 
activities in your leisure time?
  hours per day
  minutes per day
24. Again, think about only those physical activities that you did for at least 10 minutes at a 
time. During the last 7 days, on how many days did you do moderate physical activities 
like bicycling at a regular pace, swimming at a regular pace, and doubles tennis In your 
leisure time?
  days per week
I I No moderate activity in leisure time Skip to PART 5: TIME SPENT
'------' SITTING
25. How much time did you usually spend on one of those days doing moderate physical 
activities in your leisure time?
  hours per day
 minutes per day
PART 5: TIME SPENT SITTING
The last questions are about the time you spend sitting while at work, at home, while doing 
course work and during leisure time. This may include time spent sitting at a desk, visiting 
friends, reading or sitting or lying down to watch television. Do not include any time spent sitting 
in a motor vehicle that you have already told me about.
26. During the last 7 days, how much time did you usually spend sitting on a weekday?
  hours per day
 minutes per day
27. During the last 7 days, how much time did you usually spend sitting on a weekend 
day?
  hours per day
  minutes per day
This is the end of the questionnaire, thank you for participating.
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Coded Index Card
ID:
Height in Inches to closest Va inch:
W eight #1 in Pounds to c losest pound:
Weight #2 in Pounds to closest pound:
Body Fat Percentage:
M easurem ent tak en  by:
Partic ipan t Form  Letter
Dear P artic ipan t «Code»:
T hank  you for participating  in the research  study  titled “Knowledge of 
personal energy requ irem ents in college s tu d e n ts .”
Your heigh t w as m easured  a t «Ht_in_inches» inches an d  your weight a t 
«Wt_in_lbs» pounds w hich re su lts  in a body m ass index (BMI) of «BMI». 
The BMI gives researchers a tool to a sse s s  the w eight to height ratio fo r  a 
group o f people. The fo u r classifications u sed  in this s tu d y  are: <18.5 
underweight, 18.5 ~ 2 4 .9  normal weight, 2 5  -  29 .9  overweight, and >30 
obese. A lim itation of the BMI is th a t  it does no t d iscern  how m uch 
weight is a ttribu tab le  to lean body m ass, so very m u scu la r individuals 
m ay fall into an  overweight or obese category. Your body fat w as 
m easu red  a t «Body_Fat»% w ith an  Om ron HBF-300 body fat analyzer. 
Body fa t  classification norms fo r  average college s tu d en ts  are as follows: 
U nhealthy  Low <5% (Males) <12% (Females); Athletic 5-13%  (M), 12-22% 
(F); Recom m ended (<34 years of age) 10-22% (M), 20-32%  (F); U nhealthy 
High >25% (M) >38% (F).
According to the  answ ers you provided on the  In terna tional Physical 
Activity Q uestionnaire  (IPAQ), you spen t an  average of «PA_Mins» m inu tes
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daily doing som ething active. This tran s la te s  to a  physical activity level 
of «PAL_Cat». Current ACSM  and AHA physica l activity recom m endations 
fo r  adults are to do m oderately in tense cardio 30  m inutes a day, fiv e  d a ys  
a w eek  OR to do vigorously in tense cardio 20  m inutes a day, 3 d a y s  a 
w eek  AND do eight to 10 strength-training exercises, eight to 12 repetitions 
o f each exercise tw ice a w eek. M oderate-intensity physica l activity m eans  
working hard enough to raise your heart rate and break a sw eat, ye t still 
being able to carry on a conversation. To lose weight or m aintain w eight 
loss, 60 to 90 m inutes o f physica l activity m ay be necessary. The 30- 
m inute recommendation is fo r  the average healthy adult to m aintain health  
and reduce the risk fo r  chronic d isease. Your level of physical activity 
(beyond the  norm al activities of daily living) con tribu ted  an  average 
«Kcals_PA»% of your daily estim ated  energy requirem ent. This can  vary 
from day to day, b u t averages betw een 20 and  30% for m ost people. This 
is the  m ost variable com ponent of energy expenditure  an d  can  be raised  
by perform ing additional physical activity.
B asal energy expenditure  (BEE) is an  extrapolation  of the  ra te  of energy 
expenditure  m easu red  during  re s t after fasting. You estim ated  you 
would u se  «Est_BEE» calories if you lay in bed all day and  did nothing; 
your BEE w as calculated  a t «Calc_BEE» calories per day. BEE accounted  
for «Kcals_BEE»% of your daily estim ated  energy requirem ent. This is a  
highly stable com ponent of energy expenditure.
Your estim ated  energy requ irem ent (EER) w as calcu lated  based  on your 
gender, age, height, weight and  physical activity level. The EER is an  
estim ate o f  the am ount o f calories needed to m aintain your current weight. 
Your EER w as calculated  a t «Calc_EER» calories per day com pared to the 
estim ate  of «Est_EER» calories th a t you gave. Rem em ber, th is  is only an  
estim ate  and  ac tu a l needs m ay vary.
The difference betw een the EER calories and  your BEE calories is m ostly 
due to physical activity, a lthough  10-15% of those calories m ay be 
a ttrib u ted  to the  therm al effect of food an d  excess postexercise oxygen 
consum ption . The thermal effect o f food  (TEE) accounts fo r  the energy 
required to digest food  that is consum ed. E xcess postexercise oxygen  
consum ption (EPOC) accounts fo r  a slightly increased metabolic rate that 
exists a fter a bout o f exercise.
If you consum e 100 m ore calories th a n  you u se , you could GAIN 10 
p o unds in one year. If you b u rn  100 more calories th a n  you consum e 
you could LOSE 10 pounds in one year. W hen you consum e ab o u t the 
sam e calories as you use , you are in a  s ta te  of ENERGY BALANCE and  
you will ne ither gain nor lose weight. An extra 100  ca lories per day 
w ill m ake about 10 pounds difference over the period o f  a year.
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APPENDIX III
PARTICIPANT DATA 
Please see enclosed CD-Rom for Excel d a ta  sp read sh ee t inform ation.
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University of Nevada, Las Vegas
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1988
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